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PREFACE 


TO 


THE  SECOND  EDITION. 


A  SECOND  edition  of  this  book  being  called  for,  the 
Author  has  spared  no  pains  to  improve  it :  copious 
notes,  and  diagrams^  illustrative  of  the  text,  have 
been  subjoined.  Many  parts  have  been  altered,  and 
mudi  new  matter  has  been  added,  in  order  to  keep 
pace  with  the  rapid  progress  of  the  physical  sci- 
ences. Even  since  the  last  pages  have  been  printed, 
discoveries  have  been  published,  of  sufficient  im- 
portance to  require  an  additional  sheet. 
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PREFACE. 


The  progress  of  modem  science,  especially  within 
the  last  five  years,  has  been  remarkable  for  a  tend- 
ency to  simplify  the  laws  of  nature,  and  to  unite 
detached  branches  by  general  principles.  In 
some  cases  identity  has  been  proved  where  there 
appeared  to  be  nothing  in  common,  as  in  the  elec- 
tric and  magnetic  influences ;  in  others,  as  that  of 
light  and  heat,  such  analogies  have  been  pointed 
out  as  to  justify  the  expectation,  that  they  will 
ultimately  be  referred  to  the  same  agent :  and  in 
all  there  exists  such  a  bond  of  union,  that  profi- 
ciency cannot  be  attained  in  any  one  without  a 
knowledge  of  others. 

Although  well  aware  that  a  &r  more  extensive 
illustration  of  these  views  might  have  been  given, 
the  Author  hopes  that  enough  has  been  done  to 
show  the  connexion  of  the  physical  sciences. 
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INTRODUCTION. 


Science^  regarded  as  the  pursuit  of  truths  must  erer 
afford  occupation  of  consummate  interest,  and  subject  of 
elevated  meditation.  The  contemplation  of  the  works 
of  creation  devates  the  mind  to  the  admiration  of  what- 
ever is  great  and  noble;  accomplishing  the  otject  of  all 
study^ — which^  in  the  elegant  language  of  Sir  James 
Mackintosh^  *^  is  to  inspire  the  love  of  truths  of  wis. 
dom,  of  beauty^ — especially  of  goodness^  the  highest 
beauty^ — and  of  that  supreme  and  eternal  Mind^  which 
contains  all  truth  and  wisdom^  all  beauty  and  goodness. 
By  the  love  or  delightful  contemplation  and  pursuit  of 
these  transcendent  aims,  for  their  own  sake  only,  the 
mind  of  man  is  raised  from  low  and  perishable  objects, 
and  prepared  for  those  high  destinies  which  are  ap« 
pointed  for  all  those  who  are  capable  of  them." 

In  tracing  the  connection  of  the  physical  sciences, 
astronomy  affords  the* most  extensive  example  of  their 
union.  In  it  are  combined  the  sciences  of  number  and 
quantity,  of  rest  and  motion.  In  it  we  perceive  the  oper- 
ation of  a  force  which  is  mixed  up  with  every  thing  that 
exists  in  the  heavens  or  on  earth;  which  pervades  every 
atom,  roles  the  motions  of  animate  and  inanimate  beings, 
and  is  as  sensible  in  the  descent  of  a  rain  drop  as  in  the 
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falls  of  Niagara^  in  the  weight  of  the  air  as  in  the  periods 
of  the  moon.  Crravitation  not  only  hinds  satellites  to 
their  planet^  and  planets  to  the  sun^  hut  it  connects  sun 
with  sun  throughout  the  wide  extent  of  creation^  and  is 
the  cause  of  the  disturhances^  as  well  as  of  the  order^ 
of  nature :  since  every  tremour  it  excites  in  any  one 
planet  is  immediately  transmitted  to  the  farthest  limits 
of  the  system^  in  oscillations^  which  correspond  in  their 
periods  with  the  cause  producing  them^  like  sympathetic 
notes  in  music^  or  yihrations  from  the  deep  tones  of  an 
organ. 

The  heavens  afford  the  most  suhlime  suhject  of  study 
which  can  he  derived  from  science.  The  magnitude 
and  splendour  of  the  ohjects^  the  inconceivable  rapidity 
with  which  they  move^  and  the  enormous  distances  be- 
tween tbem^  impress  the  mind  with  some  notion  of  the 
energy  that  maintains  them  in  their  motions^  with  a  du- 
rability to  which  we  can  see  no  limit.  Equally  conspi- 
cuous is  the  goodness  of  the  great  First  Cause^  in  having 
endowed  man  with  faculties^  by  which  he  can  not  only 
appreciate  the  magnificence  of  his  works^  but  trace^ 
with  precision,  the  operation  of  his  laws^  use  the  globe 
he  inhabits  as  a  base  wherewith  to  measure  the  magni- 
tude and  distance  of  the  sun  and  planets^  and  make  the 
diameter  ^  of  the  earth's  orbit  the  first  step  of  a  scale  by 
which  he  may  as^nd  t^  the  starry  firmament.  Such 
pursuits^  while  they  ennoble  the  mind^  at  the  same 
time  inculcate  humility^  by  showing  that  there  is  a  bar- 
rier which  no  energy,  mental  or  physical,  can  ever 
enable  us  to  pass :  that,  however  profoundly  we  may  pe- 
netrate the  depths  of  space^  there  still  remain  innumer- 
able systems,  compared  with  which,  those  apparently  so 
vast  must  dwindle  into  insignificance^  or  even  become 
iNotet 
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inyisible ;  and  that  not  only  man^  but  the  globe  he  in- 
habitSj — nay,  the  whole  system  of  which  it  forms  so 
small  a  part, — might  be  annihilated,  and  its  extinction 
be  unperceived  in  the  immensity  of  creation. 

It  must  be  acknowledged,  that  a  complete  acquaint- 
ance with  physical  astronomy  can  be  attained  by  those 
only,  who  are  well  versed  in  the  higher  branches  of 
mathematical  and  mechanical  science  i,  and  that  they 
alone  can  appreciate  the  extreme  beauty  of  the  results, 
and  of  the  means  by  which  these  results  are  obtained. 
It  is  nevertheless  true,  that  a  sufficient  skill  in  analysis^ 
to  follow  the  general  outline, — to  see  the  mutual  de- 
pendence of  the  different  parts  of  the  system,  and  to 
comprehend  by  ivhat  means  some  of  the  most  extra- 
ordinary conclusions  have  been  arrived  at, — is  within 
the  reach  of  many  who  shrink  from  the  task,  appalled 
by  difficulties,  which,  perhaps,  are  not  more  formidable 
than  those  incident  to  the  study  of  the  elements  of 
every  branch  of  knowledge.  There  is  a  wide  distinc- 
tion between  the  degree  of  mathematical  acquirement 
necessary  for  making  discoveries,  and  that  which  is  re- 
quisite for  understanding  what  others  have  done. 

All  the  knowledge  we  possess  of  external  objects  is 
founded  upon  experience,  which  furnishes  facts;  and 
the  comparison  of  these  facts  establishes  relations,  from 
which,  induction,  that  is  to  say,  the  belief  that  like  causes 
will  produce  like  effects,  leads  to  general  laws.  Thus, 
experience  teaches  that  bodies  fall  at  the  surface  of  the 
earth  with  an  accelerated  velocity,  and  with  a  force  pro- 
portional to  their  masses.  By  comparison,  Newton  proved 
that  the  force  which  occasions  the  fall  of  bodies  at  the 
earth's  surface,  is  identical  with  that  which  retains  the 

1  Note  2.  s  Note  3. 
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moon  in  her  orbit ;  and  induction  led  him  to  condade, 
that  as  the  moon  is  kept  in  her  orbit  by  the  attraction  of 
the  earthy  so  the  pknets  might  be  retained  in  their  orbits 
by  the  attraction  of  the  sun.  By  such  steps  he  was  led 
to  the  discovery  of  one  of  those  powers,  with  which  the 
Creator  has  ordained,  that  matter  should  reciprocally  act 
upon  matter. 

Physical  astronomy  is  the  science  which  compares 
and  identifies  the  laws  of  motion  obsenred  on  earth,  with 
the  motions  that  take  place  in  the  heavens ;  and  which 
traces,  by  an  uninterrupted  chain  of  deduction  from  the 
great  principle  that  governs  the  universe,  the  revolutions 
and  rotations  of  the  planets,  and  the  oscillations  ^  of  tiie 
fluids  at  their  surfaces;  and  which  estimates  the  changes 
the  system  has  hitherto  undergone,  or  may  hereafter 
experience, — changes  which  require  millions  of  years 
for  their  accomplishment. 

The  accumulated  efforts  of  astronomers,  from  the 
earliest  dawn  of  civilisation^  have  been  necessary  to 
establish  the  mechanical  theory  of  astronomy.  The 
courses  of  the  planets  have  been  observed  for  ages,  with 
a  degree  of  perseverance  that  is  astonishing,  if  we  con- 
sider  the  imperfection  and  even  the  want  of  instruments. 
The  real  motions  of  tiie  earth  have  been  separated  from 
the  apparent  motions  of  the  planets ;  the  laws  of  the 
planetary  revolutions  have  been  discovered ;  and  tiie 
discovery  of  these  laws  has  led  to  the  knowledge  of  the 
gravitation  2  of  matter.  On  tiie  other  hand^  descend, 
ing  from  the  principle  of  gravitation,  every  motion  in 
the  solar  system  has  been  so  completely  explained,  tiiat 
the  laws  of '  any  astronomical  phenomena  that  may 
hereafter  occur,  are  already  determined. 

>  Kote4.  s  Notes. 
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SECTION  I. 


▲TTRACTXOK   OT   ▲   8PHXEE.  PORK    OT    CILX8TIAL  BODIES.  — 

TERRK8TRIAL  GRAVITATIOK  RBTAIK8  THE  MOOK  IK  HER  ORBIT. 
—  HBAVEKLT  BODIES  MOVE  IK  CONIC  SECTIONS. -^ORATITATIOK 
PROrORTIOKAZ.  TO  MASS.  —GRAVITATIOK  Or  THE  FARTICLES  OP 

MATTER.  —  FIGURE  OP  THE  PLANETS. HOW  IT  APPECTS  THE 

MOTIONS  OP  THEIR  SATELLITES. ROTATION  AND  TRANSLATION 

,  IMPRESSED  BT  THE  SAME  IMPULSE.  —  MOTION  OF  SUN  AND 
SOLAR  SYSTEM. 


It  has  been  proved  by  Newton,  that  a  particle  of 
matter  1,  placed  without  the  surface  of  a  hollow  sphere^, 
^is  attracted  by  it  in  the  same  manner  as  if  the  mass  of 
the  hollow  sphere,  or  the  whole  matter  it  contains, 
were  collected  into  one  dense  particle  in  its  centre. 
The  same  is  therefore  true  of  a  solid  sphere,  which 
may  be  supposed  to  condst,  of  an  infinite  number  of 
concentric  hollow  spheres .^  This,  however,  is  not  the 
case  with  a  sph^oid^ ;  but  the  celestial  bodies  are  so 
nearly  spherical,  and  at  such  remote  distances  from 
one  another,  that  they  attract  and  are  attracted  as  if 
each  were  condensed  into  a  single  particle  situate  in  its 
centre  of  gravity*, — a  circumstance  which  greatly  fa- 
cilitates the  investigation  of  their  motions. 

Newton  has  shown  that  the  force  which  retains  the 
moon  in  her  <M'bit,  is  the  same  with  that,  which  causes 
heavy  substances  to  fidl  at  tlie  surface  of  the  earth.  If 
the  earth  were  a  sphere,  and  at  rest,  a  body  would  be 
equally  attracted,  that  is,  it  would  have  the  same  weight 

»  Note 6.  »  Note?.  »  Note 8. 
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at  every  point  of  its  surface^  because  the  surface  of  a 
sphere  is  every  where  equally  distant  from  its  centre. 
But  as  our  planet  is  flattened  at  the  poles  ^,  and  bulges 
at  the  equator,  the  weight  of  the  same  body  gradually 
decreases  from  the  poles,  where  it  is  greatest,  to  the 
equator,  where  it  is  least.  There  is,  however,  a  certain 
latitude  2  where  the  attraction  of  the  earth  on  bodies  at 
its  surface,  is  the  same  as  if  it  were  a  sphere  ;  and  ex- 
perience shows  that  bodies  there  fall  through  l6'0697 
feet  in  a  second.  The  mean  distance  ^  of  the  moon 
from  the  earth  is  about  sixty  times  the  radius^  of  the 
earth.  When  the  number  16*0697  is  diminished  in  the 
ratio  ^  of  1  to  3600,  which  is  the  square  of  the  moon's 
distance^  from  the  earth's  centre,  estimated  in  terres- 
trial radii,  it  is  found  to  be  exactly  the  space  the  moon 
would  fall  through,  in  the  first  second  of  her  descent  to 
the  earth,  were  she  not  prevented  by  the  centrifugal 
force  7  arising  from  the  velocity  with  which  she  moves 
in  her  orbit.  The  moon  is  thus  retained  in  her  orbit  by 
a  force  having  the  same  origin,  and  regulated  by  the 
same  law,  with  that  which  causes  a  stone  to  fall  at  the 
earth's  surface.  The  earth  may  therefore  be  regarded 
as  the  centre  of  a  force  which  extends  to  the  moon  ; 
and,  as  experience  shows  that  the  action  and  re-action 
of  matter  are  equal  and  contrary^,  the  moon  must  at- 
tract the  earth  with  an  equal  and  contrary  force. 

Newton  also  ascertained  that  a  body  projected^  in 
space  1^,  will  move  in  a  conic  sectional,  if  attracted  by 
a  force  proceeding  from  a  fixed  point,  with  an  intensity 
inversely  as  the  square  of  the  distance  ^^  ;  but  that  any 
deviation  from  that  law  will  cause  it  to  move  in  a  curve 

»  Note  IL  «  Note  12.  »  Note  la  *  Note  14. 

»  Note  15.  «  Note  IQL  7  Note  17.  »  Note  18. 
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of  a  different  nature.  Kepler  founds  by  direct  ob. 
serration^  that  the  planets  describe  ellipses  ^,  or  oval 
paths^  round  the  sun.  Later  observations  show  that 
comets,  also  move  in  conic  sections.  It  consequently 
follows^  that  the  sun  attracts  all  the  planets  and  comets 
inversely  as  the  square  of  their  distances  from  his 
centre;  the  sun^  therefore,  is  the  centre  of  a  force 
extending  indefinitely  in  space,  and  including  all  the 
bodies  of  the  system  in  its  action. 

Kepler  also  deduced  from  observation,  that  the 
squares  of  the  periodic  times  ^  of  the  planets,  or  the 
times  of  their  revolutions  round  the  sun,  are  propor- 
tional to  the  cubes  of  their  mean  distances  from  his 
centre.  3  Hence  the  intensity  of  gravitation  of  all  the 
bodies  towards  the  sun  is  the  same  at  equal  dis- 
tances. Consequently,  gravitation  is  proportional  to 
the  masses^;  for,  if  the  planets  and  comets  were  at 
equal  distances  from  the  sun,  and  left  to  the  effects  of 
gravity,  they  would  arrive  at  his  surface  at  the  same 
time.^  The  satellites  also  gravitate  to  their  primaries^^ 
according  to  the  same  law  that  their  primaries  do  to  the 
sun.  Thus,  by  the  law  of  action  and  re-action,  eadi 
body  is  itself  the  centre  of  an  attractive  force  extending 
indefinitely  in  space,  causing  all  the  mutual  disturb- 
ances which  render  the  celestial  motions  so  complicated, 
and  their  investigation  so  difficult. 

The  gravitation  of  matter  directed  to  a  centre,  and 
attracting  directly  as  the  mass,  and  inversely  as  the 
square  of  the  distance,  does  not  belong  to  it  when 
considered  in  mass  only;  particle  acts  on  particle  accord, 
ing  to  the  same  law  when  at  sensible  distances  from  each 
other.     If  the  sun  acted  on  the  centre  of  the  earth, 

1  Note 21  SNote34.  >  NoteSS. 
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without  attracting  each  of  its  particles,  the  tides  would 
be  very  much  greater  than  they  now  are^  and  would 
also^  in  other  respects^  be  very  different.  The  gravita- 
tion of  the  earth  to  the  sun  results  from  the  gravitation 
of  all  its  particles^  which^  in  their  tum^  attract  the  sun 
in  the  ratio  of  their  respective  masses.  There  is  a 
reciprocal  action^  likewise^  between  the  earth  and  every 
particle  at  its  surface.  Were  this  not  the  case^  and 
were  any  portion  of  the  earthy  however  small^  to  attract 
another  portion^  and  not  be  itself  attracted^  the  centre 
of  gravity  of  the  earth  would  be  moved  in  space  by  this 
action^  which  is  impossible. 

The  forms  of  the  planets  result  from  the  reciprocal 
attraction  of  their  component  particles.  A  detached 
fluid  mass,  if  at  rest^  would  assume  the  form  of  a  sphere^ 
from  the  reciprocal  attraction  of  its  particles.  But  if 
the  mass  revolve  about  an  axis^  it  becomes  flattened  at 
the  poles^  and  bulges  at  the  equator  \  in  consequence  of 
the  centrifugal  force  arising  from  the  velocity  of  ro- 
tation ^y  —  for  the  centrifugal  force  diminishes  the 
gravity  of  the  particles  at  the  equator,  and  equilibrium 
can  only  exist  where  these  two  forces  are  balanced  by 
an  increase  of  gravity.  Therefore^  as  the  attractive 
force  is  the  same  on  aU  particles  at  equal  distances  from 
the  centre  of  a  sphere^  the  equatorial  particles  would 
recede  from  the  centre^  till  their  increase  in  number 
balance  the  centrifugal  force  by  their  attraction.  Con- 
sequently^ the  sphere  would  become  an  oblate^  or  flattened 
spheroid;  and  a  fluid  partially  or  entirely  covering  a 
solid,  as  the  ocean  and  atmosphere  cover  the  earthy  must 
assume  that  form  in  order  to  remain  in  equilibrio.  The 
surface  of  the  sea  is  therefore  spheroidal^  and  the  surface 
of  the  earth  only  deviates  from  that  flgure  where  it  rises 
iKotell.  >NoCe29. 
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above  or  sinks  below  tbe  level  of  the  sea.  But  ihe  de- 
viation is  so  small  that  it  is  unimportant  when  compared 
with  the  magnitude  of  the  earth ;  for  the  mighty  chain 
of  the  Anddb^  and  the  yet  more  lofty  Himalaya^  bear 
about  the  same  proportion  to  the  earth  that  a  grain  of  sand 
does  to  a  globe  three  feet  in  diameter.  Such  is  the  form 
of  the  earth  and  planets.  The  compression^  or  flattening 
at  their  poles  is,  however^  so  small,  that  even  Jupiter^ 
whose  rotation  is  the  most  rapid,  and  therefore  the  most 
elliptical  of  the  planets^  may^  from  his  great  distance^ 
be  regarded  as  spherical.  Although  ihe  planets  attract 
each  other  as  if  they  were  spheres,  on  account  of  their 
distances,  yet  the  satellites  ^  are  near  enough  to  be 
sensibly  affected  in  their  motions  by  the  forms  of  their 
primaries.  The  moon,  for  example,  is  so  near  the 
earth,  that  the  reciprocal  attraction  between  each  of  her 
particles,  and  each  of  the  particles  in  the  prominent 
mass  at  the  terrestrial  equator,  occasions  considerable 
disturbances  in  the  motions  of  both  ^bodies  ;  for  the 
action  of  the  moon  on  the  matter  at  the  earth's  equator, 
produces  a  nutation  ^  in  the  axis  ^  of  rotation,  and  the 
re-action  of  that  matter  on  the  moon,  is  the  cause  of  a 
corresponding  nutation  in  the  lunar  orbit.  ^ 

If  a  sphere  at  rest  in  space^  receive  an  impulse  pass- 
ing through  its  centre  of  gravity,  all  its  parts  will  move 
with  an  equal  velocity  in  a  straight  line ;  but  if  the 
impulse  does  not  pass  through  the  centre  of  gravity,  its 
particles,  having  unequal  velocities,  will  have  a  rotatory 
or  revolving  motion,  at  the  same  time  that  it  is  transhited<^ 
in  space.  These  motions  are  independent  of  one  another; 
so  that  a  contrary  impulse,  passing  through  its  centre 
of  gravity,  will  impede  its  progress,  without  interfering 
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with  its  rotation.  As  the  sun  rotates  ahout  an  axis^  it 
seems  prohahle^  if  an  impulse  in  a  contrary  direction 
has  not  been  given  to  his  centre  of  gravity,  that  he 
moves  in  space,  accompanied  by  all  those  bodies  which 
compose  the  solar  system, — a  circumstance  which  would 
in  no  way  interfere  with  their  relative  motions  ;  for,  in 
consequence  of  the  principle,  that  force  is  proportional 
to  velocity  i,  the  reciprocal  attractions  of  a  system  re- 
main the  same,  whether  its  centre  of  gravity  be  at  rest, 
or  moving  uniformly  in  space.  It  is  computed  that, 
had  the  earth  received  its  motion  from  a  single  impulse, 
that  impulse  must  have  passed  through  a  point  about 
twenty-five  miles  from  its  centre. 

Since  the  motions  of  rotation  and  translation  of  the 
planets  are  independent  of  each  other,  though  probably 
communicated  by  the  same  impulse,  they  form  separate 
subjects  of  investigation. 

»Note8& 
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SECTION    II. 


XLLIPTICAL  MOTION.— MEAN  AND  TKUS  MOTION. EQUINOCTIAL. 

ECLimC. EQUINOXES. MEAN    AND    TEUE     LONGITUDE. 

EQUATION  OP   CENTRE. INCLINATION    OP  THE   ORBITS    OP 

PLANETS.  —  CELESTIAL    LATITUDE. NODES.  —  ELEMENTS  OP 

AN  ORBIT.  —  UNDISTURBED  OR  ELLIPTICAL  ORBITS.  —  GREAT 
INCLINATION  OP  THE  ORBITS  OP  THE  NEW  PLANETS.  —  UNI- 
VERSAL   GRAVITATION    THE  CAUSE  OP   PERTURBATIONS  IN  THE 

MOTIONS  OP  THE  HEAVENLY  BODIES. PROBLEM  OP  THE  THREE 

BODIES.  STABILITY    OP     SOLAR   SYSTEM    DEPENDS    UPON    THE 

PRIMITIVE  MOMENTUM  OP  THE  BODIES. 


A  PLANET  moves  in  its  elliptical  orbit  with  a  velocity 
varying  every  instant^  in  consequence  of  two  forces^  one 
tending  to  the  centre  of  the  sun^  and  the  other  in  the  di- 
rection of  a  tangent  ^  to  its  orbit^  arising  from  the  pri- 
mitive impulse^  given  at  the  time  when  it  was  lanched 
into  space.  Should  the  force  in  the  tangent  cease^  the 
planet  would  fall  to  the  sun  by  its  gravity.  Were  the 
sun  not  to  attract  it^  the  planet  would  fly  off  in  the 
tangent.  Thus^  when  the  planet  is  at  the  point  where 
the  orbit  is  farthest  from  the  sun^  his  action  overcomes 
the  planet's  velocity^  and  brings  it  towards  him  with 
0uch  an  accelerated  motion  or  increased  speedy  that  at 
last^it  overcomes  the  sun's  attraction^  and^  shooting 
past  him^  graduaUy  decreases  in  velocity^  until  it 
arrives  at  the  most  distant  pointy  where  the  sun's  attrac- 
tion again  prevails.^  In  this  motion  the  radii  vectares  ^, 
or  imaginary  lines  joining  the  centres  of  the  sun  and 
the  planets^  pass  over  equal  areas  in  equal  times.^ 
The  mean  distance  of  a  planet  from  the  sun  is 
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equal  to  half  the  m^or  axis  ^  of  its  orbit :  if,  therefore^ 
the  planet  described  a  circle  ^  round  the  sun  at  its 
mean  distance,  the  motion  would  be  uniform^  and  the 
periodic  time  unaltered^  because  the  planet  would 
arrive  at  the  extremities  of  the  m^Jor  axis  at  the  same 
instant^  and  would  have  the  same  velocity^  whether  it 
moved  in  the  circular  or  elliptical  orbit^  since  the  curves 
coincide  in  these  points.  But^  in  every  other  part,  the 
elliptical,  or  true  motion^  would  either  be  faster  or  slower 
than  the  circular  or  mean  motion.^  As  it  is  necessary  to 
have  some  fixed  point  in  the  heavens  from  whence  to  esti- 
mate these  motions,  the  vernal  equinox^  at  a  given 
epoch  has  been  chosen.  The  equinoctial,  which  is  a 
great  circle  traced  in  the  starry  heavens  by  the  imagin- 
ary extension  of  the  plane  of  the  terrestrial  equator,  is 
intersected  by  the  ecliptic,  or  apparent  path  of  the  sun^ 
in  two  points  diametrically  opposite  to  one  another^ 
called  the  vernal  and  autumnal  equinoxes.  The  ver- 
nal equinox  is  the  point  through  which  the  sun  passes^ 
in  going  from  the  southern  to  the  northern  hemisphere; 
and  the  autumnal,  that  in  which  he  crosses  from  the 
northern  to  the  southern.  The  mean  or  circular  motion 
of  a  body,  estimated  from  the  vernal  equinox,  is  its  mean 
longitude  ;  and  its  elliptical,  or  true  motion^  reckoned 
from  that  point,  is  its  true  longitude® :  both  being  esti. 
mated  from  west  to  east,  the  direction  in  which  the  bo- 
dies move.  The  difference  between  the  two  is  called  the 
equation  of  the  centre^ ;  which  consequently  vanishes 
at  the  apsides  ^,  and  is  at  its  maximiun  ninety  d^^rees^ 
distant  from  these  points,  or  in  quadratures  ^^^  where 
it  measures  the  eccentricity  ^^  of  the  orbit;  so  that  the 

»  NoteiL  «Note4«.        j     »  Note 43.  *  Note44w 
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place  of  a  planet  in  its  elliptical  orbit  is  obtained^  by 
adding  or  subtracting  the  equation  of  the  centre  to  or 
from  its  mean  longitude. 

The  orbits  of  the  planets  have  a  very  small  inclination  ^ 
to  the  plane  of  the  ecliptic  in  which  the  earth  moves ; 
and  on  that  account^  astronomers  refer  their  motions  to 
this  plane  at  a  given  epoch  as  a  known  and  fixed  posi- 
tion. The  angular  distance  of  a  planet  from  the  plane  of 
the  ecliptic  is  its  latitude  ^ ;  which  is  south  or  norths  ac« 
cording  as  the  planet  is  south  or  north  of  that  plane. 
When  the  planet  is  in  the  plane  of  the  ecliptic^  its 
latitude  is  zero :  it  is  then  said  to  be  in  its  nodes.^  The 
ascending  node  is  that  point  in  the  ecliptic^  through 
which  the  planet  passes^  in  going  from  the  southern  to 
the  northern  hemisphere.  The  descending  node  is  a 
corresponding  point  in  the  plane  of  the  ecliptic  diamet- 
rically opposite  to  the  other,  through  which  the  planet 
descends  in  going  from  the  northern  to  the  southern 
hemisphere.  The  longitude  and  latitude  of  a  planet 
cannot  be  obtained  by  direct  observation,  but  are  de- 
duced from  observations  made  from  the  surface  of  the 
earth,  by  a  very  simple  computation.  These  two  quan- 
tities however,  will  not  give  the  place  of  a  planet  in 
space.  Its  distance  from  the  sun^  must  also  be  known; 
and,  for  the  complete  determination  of  its  elliptical 
motion,  the  nature  and  position  of  its  orbit  must  be  ascer- 
tained by  observation.  This  depends  upon  seven  quanti- 
ties, called  the  elements  of  the  orbit.'^  These  are,  the 
length  of  the  major  axis,  and  the  eccentricity,  which  de- 
termine the  form  of  the  orbit :  the  longitude  of  the  pla- 
net when  at  its  least  distance  from  the  sun,  called  the 
longitude  of  the  perihelion ;  the  inclination  of  the  or- 
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bit  to  th^  plane  of  the  ecliptic^  and  the  longitude  of  its 
ascending  node ;  —  these  give  the  position  of  the  orbit  in 
space;  but  the  periodic  time^  and  the  longitude  of  the  pla- 
net at  a  given  instant^  called  the  longitude  of  the  epochs 
are  necessary  for  finding  the  place  of  the  hodf  in  its  or- 
bit at  all  times.  A  perfect  knowledge  of  these  seven  ele- 
ments is  requisite^  for  ascertaining  all  the  circumstances 
of  undisturbed  elliptical  motion.  By  such  means  it  is 
founds  that  the  paths  of  the  planets^  when  their  mutual 
disturbances  are  omitted^  are  ellipses^  nearly  approach, 
ing  to  circles^  whose  planes^  slightly  inclined  to  the 
ecliptic^  cut  it  in  straight  lines^  passing  through  the 
centre  of  the  sun.i  The  orbits  of  the  recently  disco-, 
vered  planets  deviate  more  from  the  ecliptic  than  those 
of  the  ancient  planets:  that  of  Pallas^  for  instance^ 
has  an  inclination  of  35^  to  it ;  on  which  account  it  is 
more  difficult  to  determine  their  motions. 

Were  the  planets  attracted  by  the  sun  only,  they 
would  always  move  in  ellipses,  invariable  in  form  and 
position ;  and  because  his  action  is  proportional  to  his 
mass,  which  is  much  larger  than  that  of  all  the  planets 
put  together,  the  elliptical  is  the  nearest  approximation 
to  their  true  motions.  The  true  motions  of  the  planets 
are  extremely  complicated,  in  consequence  of  their 
mutual  attraction ;  so  that  they  do  not  move  in  any  known 
or  symmetrical  curve,  but  in  paths  now  approaching 
to,  now  receding  from,  the  elliptical  form ;  and  their 
radii  vectores  do  not  describe  areas  exactly  propor- 
tional to  the  time,  so  that  the  areas  become  a  test  of 
disturbing  forces. 

To  determine  the  motion  of  each  body,  when  dis- 
turbed by  all  the  rest,  is  beyond  the  power  of  analysis. 
It  is  therefore  necessary  to  estimate  the  disturbing 
>  Note57. 
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action  of  one  planet  at  a  time^  whence  the  celebrated  pro- 
blem of  the  three  bodies^  originally  applied  to  the  moon, 
the  earthy  and  the  sun ;  namely^  the  masses  being 
given  of  three  bodies  projected  from  three  given  points, 
with  velocities  given  both  in  quantity  and  direction; 
and,  supposing  the  bodies  to  gravitate  to  one  another 
with  forces  that  are  directly  as  their  masses,  and  in- 
versely as  the  squares  of  the  distances^  to  find  the 
lines  described  by  these  bodies^  and  their  positions  at 
any  given  instant. 

By  this  problem  the  motions  of  translation  of  the 
celestial  bodies  are  determined.  It  is  an  extremely 
difficult  one^  and  would  be  infinitely  more  so,  if  the 
disturbing  action  were  not  very  small  when  compared 
with  the  central  force;  that  is^  if  the  action  of  the 
planets  on  one  another^  were  not  very  small  when  com- 
pared with  tiiat  of  the  sun.  As  the  disturbing  influence 
of  each  body  may  be  found  separately^  it  is  assumed 
that  the  action  of  the  whole  system^  in  disturbing  any 
one  planet,  is  equal  to  the  sum  of  all  the  particular  dis. 
turbances  it  experiences,  on  the  general  mechanical 
principle,  that  the  sum  of  any  number  of  small  oscil- 
lations is  nearly  equal  to  their  simultaneous  and  joint 
effect. 

On  account  of  the  reciprocal  action  of  matter^  the 
stability  of  the  system  depends  upon  tiie  intensity  of 
the  primitive  momentum  ^  of  the  planets,  and  the  ratio 
of  their  masses  to  that  of  the  sun ;  for  the  nature  of 
the  conic  sections  in  which  the  celestial  bodies  move, 
depends  upon  the  velocity  with  which  they  were  first 
propelled  in  space.  Had  that  velocity  been  such  as  to 
make  the  planets  move  in  orbits  of  unstable  equilibrium  2, 
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their  mutual  attractions  might  have  changed  them  into 
paraholas^  or  even  hyperbolas  ^ ;  so  that  the  earth  and 
planets  might,  ages  ago,  liave  been  sweeping  far  from 
our  sun  through  the  abyss  of  space.  But  as  the  orbits 
differ  very  little  from  drcles,  the  momentum  of  the 
planets,  when  projected,  must  have  been  exactly  suffi- 
cient to  ensure  the  permanency  and  stability  of  the 
system.  Besides,  the  mass  of  the  sun  is  vastly  greater 
than  that  of  any  planet ;  and  as  their  inequalities  bear 
the  same  ratio  to  their  elliptical  motions,  that  their 
masses' do  to  that  of  the  sun,  their  mutual  disturbances 
only  increase  or  diminish  the  excentridties  of  their  orbits, 
by  very  minute  quantities  ;  consequently,  the  magnitude 
of  the  sun's  mass  is  the  principal  cause  of  the  stability  of 
the  system.  There  is  not  in  the  physical  world  a  more 
splendid  example  of  the  adaptation  of  means  to  the  ac- 
complishment of  an  end,  than  is  exhibited  in  the 
nice  adjustment  of  these  forces,  at  once  the  cause  of  the 
variety  and  of  the  order  of  Nature. 

1  Note  21. 
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SECTION  III. 

rERTURBATIOKS   PERIODIC   AND   SECUlA  B.  ^  DISTURBIKG  ACTIOK 

SQUIYALXHT  TO  TBBEX  PARTIAI.  rORCBS. TANGENTIAL  rOBC« 

THE  CAUSE  OF  THE  PERIODIC  INEQUALITIES  IN  LONGITUDE,  AND 
SECULAR   INEQUALITIES   IN  THE    FORM    AND    POSITION   OF   THE 

ORBIT    IN   ITS   OWN   PLANE. RADIAL    PORCB  THE   CAUSE    OP 

TARL&TXONS  IN  THE  PLANET's  DISTANCE   FROM   THE  SUN.  IT 

COMBINES  WITH  THE  TANGENTIAL  FORCE  TO  PRODUCE  THE 
SECULAR    VARIATIONS    IN    THE     FORM    AND    POSITION     OF    THE 

ORBIT     IN    ITS     OWN    PLANE.  PERPENDICULAR    FORCE    THE 

CAUSE  OF  PERIODIC  PERTURBATIONS  IN  LATITUDE,  AND  SECU« 
LAR  VARIATIONS  IN  THE  POSITION  OF  THE  ORBIT  WITH  RE- 
GARD TO  THE  PLANE   OF  THE    ECLIPTIC. MEAN   MOTION  AND 

MAJOR  AXIS  INVARIABLE.  —  8TABILITT  OF  ST8TBM.  —EFFECTS 
OF  A    RESISTING  MEDIUM.^  INVARIABLE  PLANE  OF  THE  SOLAR 

STSTEM    AND     OF    THE     UNIVERSE.  GREAT    INEQUALITT     OF 

JUPITER   AND    SATURN. 

The  planets  are  subject  to  disturbances  of  two  kinds^ 
both  resulting  from  the  constant  operation  of  their  re- 
ciprocal attraction;  one  kind^  depending  upon  their 
positions  with  regard  to  each  other^  begins  from  zero^ 
increases  to  a  maximum,  decreases  and  becomes  zero 
again^  when  the  planels  return  to  the  same  relative 
positions.  In  consequence  of  these^  the  disturbed  planet 
is  sometimes  drawn  away  from  the  sun^  sometimes 
brought  nearer  to  him.  At  one  time  it  is  drawn  above 
the  plane  of  its  orbit^  at  another  time  below  it^  accord- 
ing to  the  position  of  the  disturbing  body.  All  such 
changes^  being  accomplished  in  short  periods^  some  in  a 
few  months^  others  in  years^  or  in  hundreds  of  years^ 
jare  denominated  periodic  inequalities. 

The  inequalities  of  the  other  kind^  though  occasioned 
likewise  by  the  disturbing  energy  of  the  planets^  are 
entirely  independent  of  their  relative  positions.     They 
c 
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depend  upon  the  relative  positions  of  the  orbits  alone^ 
whose  forms  and  places  in  space^  are  altered  by  very 
minute  quantities  in  immense  periods  of  time^  and  are^ 
therefore,  called  secular  inequalities. 

The  periodical  perturbations  are  compensated^  when 
the  bodies  return  to  the  same  relative  positions  with 
regard  to  one  another  and  the  sun  :  the  secular 
inequalities  are  compensated^  when  the  orbits  return  to 
the  same  positions  relatively  to  one  another^  and  to  the 
plane  of  the  ecliptic. 

Planetary  motion^  including  both  these  kinds  of  dis- 
turbance^ may  be  represented  by  a  body  revolving  in  an 
ellipse^  and  making  small  and  transient  deviations^  now 
on  one  side  of  its  path^  and  now  on  the  other^  whilst  the 
ellipse  itself  is  slowly,  but  perpetually  changing  both  in 
form  and  position. 

The  periodic  inequalities  are  merely  transient  devi- 
ations of  the  planet  from  its  path^  the  most  remarkable 
of  which  only  lasts  about  918  years;  but,  in  conse- 
quence of  the  secular  disturbances^  the  apsides^  or 
extremities  of  the  major  axes  of  all  the  orbits^  have  a 
direct  but  variable  motion  in  space^  excepting  those  of 
the  orbit  of  Venus^  which  are  retrograded^  and  the  lines 
of  the  nodes  move  with  a  variable  velocity  in  a  contrary 
direction.  Besides  these^  the  inclination  and  excentri- 
dty  of  every  orbit  are  in  a  state  of  perpetual  but  slow 
change.  These  effects  result  from  the  disturbing  action 
of  all  the  planets  on  each.  But  as  it  is  only  necessary 
to  estimate  the  disturbing  influence  of  one  body  at  a  time^ 
what  follows  may  convey  some  idea  of  the  manner  in 
which  one  planet  disturbs  the  elliptical  motion  of  another. 

Suppose  two  planets  moving  in  ellipses  round  the  sun; 

»  Notceo. 
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if  one  of  them  attracted  the  other  and  the  sun  with  equal 
intensity^  and  in  parallel  directions  i,  it  would  have  no 
effect  in  disturbing  the  elliptical  motion  at  alL  The 
inequality  of  this  attraction  is  the  sole  cause  of  perturb- 
ation^ and  the  difference  between  the  disturbing  planet's 
action  on  the  sun  and  on  the  disturbed  planet  constitutes 
the  disturbing  force^  which  consequently  varies  in  in- 
tensity and  direction  with  every  change  in  the  relative 
positions  of  the  three  bodies.  Although  both  the  sun 
and  planet  are  under  the  influence  of  the  disturbing 
force^  the  motion  of  the  disturbed  planet  is  referred  to 
the  centre  of  the  sun  as  a  flxed  pointy  for  convenience. 
The  whole  force  ^  which  disturbs  a  planet^  is  equivalent 
to  three  partial  forces.  One  of  these  acts  on  the  disturbed 
planet^  in  the  direction  of  a  tangent  to  its  orbits  and  is 
called  the  tangential  force :  it  occasions  secular  inequa- 
lities in  the  form  and  position  of  the  orbit  in  its  own 
plane^  and  is  the  sole  cause  of  the  periodical  perturb- 
ations in  the  planet's  longitude.  Another  acts  upon 
the  same  body  in  the  direction  of  its  radius  vector,  that 
is,  in  the  line  joining  the  centres  of  the  sun  and  planet, 
and  is  called  the  radial  force:  it  produces  periodical 
changes  in  the  distance  of  the  planet  from  the  sun, 
and  affects  the  form  and  position  of  the  orbit  in  its 
own  plane.  The  third,  which  may  be  called  the  per- 
pendicular force,  acts  at  right  angles  to  the  plane  of  the 
orbit,  occasions  the  periodic  inequalities  in  the  planet's 
latitude,  and  affects  the  position  of  the  orbit  with  re- 
gard to  the  plane  of  the  ecliptic. 

It  has  been  observed,  that  the  radius  vector  of  a 

planet,  moving  in  a  perfectly  elliptical  orbit,  passes  over 

equal  areas  in  equal  times;    a  circumstance  which  is 

independent  of  the  law  of  the  force,  and  would  be  the 

»  Note  61.  *  Note  62. 
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same  whether  it  yaried  inversely  as  the  square  of  the 
distance^  or  not^  provided  only  that  it  he  directed  to 
the  centre  of  the  sun.  Hence^  the  tangential  force, 
not  heing  directed  to  a  centre^  occasions  an  unequahle 
description  of  areas,  or,  what  is  the  same  things  it  dis- 
turbs the  motion  of  the  planet  in  longitude.  The 
tangential  force  sometimes  accelerates  the  planet's  mo- 
tion, sometimes  retards  it>  and  occasionally  has  no 
effect  at  alL  Were  the  orbits  of  both  planets  circular, 
a  complete  compensation  would  take  place  at  each 
revolution  of  the  two  planets^  because  the  arcs  in  which 
the  accelerations  and  retardations  take  place^  would  be 
symmetrical  on  each  side  of  the  disturbing  force.  For 
it  is  dear,  that,  if  the  motion  be  accelerated  through  a 
certain  space^  and  then  retarded  through  as  much,  the 
motion  at  the  end  of  the  time  will  be  the  same  as  if  no 
change  had  taken  place.  But,  as  the  orbits  of  the 
planets  are  ellipses^  this  symmetry  does  not  hold; 
for^  as  the  planet  moves  unequably  in  its  orbit^  it  is  in 
some  positions  more  directly,  and  for  a  longer  time, 
under  the  influence  of  the  disturbing  force^  than  in 
others.  And  although  multitudes  of  variations  do 
compensate  each  other  in  short  periods,  there  are  others, 
depending  on  peculiar  relations  among  the  periodic 
times  of  the  planets,  which  do  not  compensate  each 
other  till  after  one,  or  even  till  after  many  revolutions 
of  both  bodies.  A  periodical  inequality  of  this  kind  in 
the  motions  of  Jupiter  and  Saturn,  has  a  period  of  no 
less  than  918  years. 

The  radial  force,  or  that  part  of  the  disturbing  force 
which  acts  in  the  direction  of  the  line  joining  the  centres 
of  the  sun  and  disturbed  planet,  has  no  effect  on  the 
areas,  but  is  the  cause  of  periodical  changes  of  small 
e^ttt  in  the  distance  of  the  planet  from  the  sun« 
It  has  already  been  sho^rn,  that  the  force  producing 
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perfectly  elliptical  motion  varies  inversely  as  the  square 
of  the  distance^  and  that  a  force  following  any  other 
law,  would  cause  the  body  to  move  in  a  curve  of 
a  very  different  kind.  Now,  the  radial  disturbing 
force  varies  directly  as  the  distance ;  and,  as  it  some- 
times combines  with,  and  increases  the  intensity  of 
the  sun's  attraction  on  the  disturbed  body,  and  at 
other  times  opposes  and  consequently  diminishes  it,  in 
both  cases  it  causes  the  sun's  attraction  to  deviate  from 
the  exact  law  of  gravity,  and  the  whole  action  of  this 
compound  central  force  on  the  disturbed  body,  is  either 
greater  or  less  than  what  is  requisite  for  perfectly  ellip- 
tical motion.  When  greater,  the  curvature  of  the 
disturbed  planet's  path  on  leaving  its  perihelion  i,  or 
point  nearest  the  sun,  is  greater  than  it  would  be  in  the 
ellipse,  which  brings  the  planet  to  its  aphelion  2,  or 
point  farthest  from  the  sun,  before  it  has  passed  through 
180^,  as  it  would  do  if  undisturbed.  So  that  in  this 
case,  the  apsides,  or  extremities  of  the  major  axis, 
advance  in  space.  When  the  central  force  is  less  than 
the  law  of  gravity  requires,  the  curvature  of  the  planet's 
path,  is  less  than  the  curvature  of  the  ellipse.  So  that 
the  planet  on  leaving  its  perihelion,  would  pass  through 
more  than  180*^  before  arriving  at  its  aphelion,  which 
causes  the  apsides  to  recede  in  space.  ^  Cases  both  of 
advance  and  recess  occur  during  a  revolution  of  the  two 
planets;  but  those  in  which  the  apsides  advance,  prepon- 
derate. This,  however,  is  not  the  full  amount  of  the 
motion  of  the  apsides ;  part  arises  also,  from  the  tan- 
gential force  \  which  alternately  accelerates  and  retards 
the  velocity  of  the  disturbed  planet.  An  increase  in  the 
planet's  tangential  velocity  diminishes  the  curvature  of 
its  orbit,  and  is  equivalent  to  a  decrease  of  central  force 

>  Note63L  ^  Note  61  9  Note  65.  «  Note6S. 
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On  the  contrary^  a  decrease  of  the  tangential  velocity^ 
which  increases  the  curvature  of  the  orbit^  is  equivalent 
to  an  increase  of  central  force.  These  fluctuations, 
owing  to  the  tangential  force^  occasion  an  alternate 
recess  and  advance  of  the  apsides^  after  the  manner 
already  explained,  i  An  uncompensated  portion  of  the 
direct  motion  arising  from  this  cause^  conspires  with 
that  already  impressed  by  the  radial  force,  and  in 
some  cases,  even  nearly  doubles  the  direct  motion  of 
these  points.  The  motion  of  the  apsides  may  be  re- 
presented, by  supposing  a  planet  to  move  in  an  ellipse, 
while  the  ellipse  itself  is  slowly  revolving  about  the  sun 
in  the  same  plane.  ^  This  motion  of  the  major  axis, 
which  is  direct  in  all  the  orbits  except  that  of  the  planet 
Venus,  is  inregular,  and  so  slow,  that  it  requires  more 
than  114,755  years,  for  the  major  axis  of  the  earth's 
orbit,  to  accomplish  a  sidereal  revolution  3,  that  is,  to 
return  to  the  same  stars ;  and  20^7  years  to  complete 
its  tropical  revolution^,  or  to  return  to  the  same  equinox. 
The  difference  between  these  two  periods  arises  from  a 
retrograde  motion  in  the  equinoctial  point,  which 
meets  the  advancing  axis,  before  it  has  completed  its 
revolution  with  regard  to  the  stars.  The  major  axis  of 
Jupiter's  orbit  requires  no  less  than  200,610  years  to 
perform  its  sidereal  revolution,  and  22,748  years  to 
accomplish  its  tropical  revolution  from  the  disturbing 
action  of  Saturn  lilone. 

A  variation  in  the  excentricity  of  the  disturbed 
planet's  orbit,  is  an  immediate  consequence  of  the  devi- 
ations from  elliptical  curvature,  caused  by  the  action  of 
the  disturbing  force.  When  the  path  of  the  body,  in 
proceeding  from  its  perihelion  to  its  aphelion,  is 
more  curved  than  it  ought  to  be  from  the  effect  of  the 

I  Note6«.  «  Notoea  »  Note67.  *  Note  68. 
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disturbing  forces^  it  falls  "within  the  eUiptical  orbit^ 
the  excentricity  is  diminished^  and  the  orbit  becomes 
more  nearly  circular ;  when  that  curvature  is  less  than 
it  ought  to  be^  the  path  of  the  planet  falls  without 
its  elliptical  orbit  ^y  and  the  excentricity  is  increased ; 
during  these  changes^  the  length  of  the  major  axis 
is  not  altered^  the  orbit  only  bulges  out^  or  becomes 
more  flat.2  Thus  the  variation  in  the  excentricity  arises 
from  the  same  cause  that  occasions  the  motion  of  the 
apsides.^  There  is  an  inseparable  connection  between 
these  two  elements  :  they  vary  simultaneously^  and  have 
the  same  period ;  so  that  whilst  the  major  axis  revolves  in 
an  immense  period  of  time^  the  excentricity  increases  and 
decreases  by  very  small  quantities^  and  at  length  returns 
to  its  original  magnitude  at  each  revolution  of  the 
apsides.  The  terrestrial  excentricity  is  decreasing  at 
the  rate  of  about  41  miles  annually ;  and^  if  it  were  to 
decrease  equably,  it  would  be  37^527  years  before  the 
earth's  orbit  became  a  circle.  The  mutual  action  of 
Jupiter  and  Saturn  occasions  variations  in  the  excen. 
tricities  of  both  orbits,  the  greatest  excentricity  of  Ju- 
piter's orbit  corresponding  to  the  least  of  Saturn's.  The 
period  in  which  these  Ticissitudes  are  accomplished  is 
70,414  years,  estimating  the  action  of  these  two  planets 
alone ;  but  if  the  action  of  all  the  planets  were  estimated^ 
the  cycle  would  extend  to  millions  of  years. 

That  part  of  the  disturbing  force  is  now  to  be  con- 
sidered, which  acts  perpendicularly  to  the  plane  of  the 
orbit,  causing  periodic  perturbations  in  latitude,  secular 
variations  in  the  inclination  of  the  orbit,  and  a  retro- 
grade motion  to  its  nodes  on  the  true  plane  of  the 
ecliptic.^  This  force  tends  to  pull  the  disturbed  body 
above,  or  push  ^  it  below  th«  plane  of  its  orbit,  accords 
,>  Note  65.        >  Note  69.        3  Note6&        4  Note  70.       »  Note  71. 
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ing  to  the  rdative  positions  of  the  two  planets  with 
regard  to  the  sun^  considered  to  be  fixed.  By  this 
action^  it  sometimes  makes  the  plane  of  the  orbit  of  the 
disturbed  body  tend  to  coincide  with  the  plane  of  the 
ecliptic^  and  sometimes  increases  its  inclination  to  that 
plane.  In  consequence  of  which^  its  nodes  alternately 
recede  or  advance  on  the  ecliptic.^  When  the  dis- 
turbing planet  is  in  the  line  of  the  disturbed  planet « 
nodes  2^  it  neither  affects  these  points^  the  latitude^  nor 
the  inclination^  because  both  planets  are  then  in  the 
same  plane.  When  it  is  at  right  angles  to  the  line 
of  the  nodes^  and  the  orbit  symmetrical  on  each  side 
of  the  disturbing  force^  the  average  motion  of  these 
points^  after  a  revolution  of  the  disturbed  body,  is 
retrograde^  and  comparatively  rapid;  but  when  the 
disturbing  planet  is  so  situated  that  the  orbit  of  the 
disturbed  planet  is  not  symmetrical  on  each  side  of  the 
disturbing  force,  which  is  most  frequently  the  case, 
every  possible  variety  of  action  takes  place.  Conse- 
quently, the  nodes  are  p^petually  advancing  or  re- 
ceding with  imequal  velocity;  but,  as  a  compensation 
is  not  effected,  their  motion  is,  on  the  whole,  retro- 
grade. 

With  regard  to  the  variations  in  the  inclination,  it 
is  dear,  that,  when  the  orbit  is  symmetrical  on  each 
side  of  the  disturbing  force,  all  its  variations  are  eomr 
pensated  after  a  revolution  of  the  disturbed  body,  and 
are  merely  periodical  perturbations  on  the  planet  s  lati« 
tude ;  and  no  secular  change  is  induced  in  the  inclin- 
ation  of  the  orbit.  When,  on  the  contrary,  that  orbit  is 
not  symmetrical  on  each  side  of  the  disturbing  force, 
although  many  of  the  variations  in  latitude  are  transient 
or  periodical,  still,  aftar  a  complete  revolution  of  the 
.iNoten.  .SNoleTa 
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disturbed  body^  a  portion  remains  uncompensated^  which 
forms  a  secular  change  in  the  inclination  of  the  orbit  to 
the  plane  of  the  ecliptic.  It  is  true>  part  of  this  secular 
change  in  the  inclination  is  compensated  by  the  rerolu- 
tion  of  the  disturbing  body^  whose  motion  has  not 
hitherto  been  taken  into  the  accoimt^  so  that  perturb- 
ation  compensates  perturbation;  but  stilly  a  compa- 
ratively permanent  change  is  effected  in  the  inclination, 
which  is  not  compensated  till  the  nodes  have  accom- 
^ished  a  complete  revolution. 

The  changes  in  the  inclination  are  extremely  minute^^ 
compared  with  the  motion  of  the  nodes,  and  there  is  the 
same  kind  of  inseparable  connection  between  their  secular 
changes  that  there  is  between  the  variations  of  the  excen- 
tricities  and  the  motions  of  the  m^jor  axis.  The  nodes 
and  inclinations  vary  simultaneously,  their  periods  are 
the  same,  and  very  great.  The  nodes  of  Jupiter's  orlat, 
from  the  action  of  Saturn  alone,  require  36,261  years  to 
accomplish  even  a  tropical  revolution.  In  what  precedes, 
the  influence  of  only  one  disturbing  body  has  been  con. 
udered;  but  when  the  action  and  reaction  of  the 
whole  system  is  taken  into  account,  every  planet  is 
acted  upon,  and  does  itself  act,  in  this  manner,  on  all 
iStke  others ;  and  the  joint  effect  keeps  the  indinationa 
and  excentridties  in  a  state  of  perpetual  variation.  It 
makes  the  mi^r  axes  of  all  the  orbits  continually  re- 
volve, and  causes,  on  an  average,  a  retrograde  motion 
of  the  nodes  of  each  orbit  upon  every  other.  The 
ecliptic  2  itsdf  is  in  motion  firom  the  mutual  action  of 
the  earth  and  planets,  so  that  the  whole  is  a  compound 
phenomenon  of  great  complexity,  extending  through 
unknown  ages.  At  the  present  time,  the  inclinations  of 
all  the  orbits  are  decreasing,  but  so  slowly,  that  th« 
»  Note74u  «  Note  70. 
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inclination  of  Jupiter's  orbit  is  only  about  six  minutes 
less  than  it  was  in  the  age  of  Ptolemy. 

But^  in  the  midst  of  all  these  vicissitudes^  the  major 
axes  and  mean  motions  of  the  planets  remain  permanently 
independent  of  secular  changes.  They  are  so  connected 
by  Kepler's  law^  of  the  squares  of  the  periodic  times 
being  proportional  to  the  tubes  of  the  mean  distances  of 
the  planets  from  the  sun^  that  one  cannot  vary  without 
affecting  the  other.  And  it  is  proved,  that  any  vari. 
ations  which  do  take  place  are  transient^  and  depend 
only  on  the  relative  positions  of  the  bodies. 

It  is  true  that^  according  to  theory,  the  radial  disturb- 
ing  force  should  permanently  alter  the  dimensions  of  all 
the  orbits,  and  the  periodic  times  of  all  the  planets,  to  a 
certain  degree.  For  example,  the  masses  of  all  the 
planets  revolving  within  the  orbit  of  any  one,  such  as 
Mars^  by  adding  to  the  interior  mass,  increase  the 
attracting  force  of  the  sun,  which,  therefore,  must  con. 
tract  the  dimensions  of  the  orbit  of  that  planet,  and 
diminish  its  periodic  time;  whilst  the  planets  exterior  to 
Mars's  orbit  must  have  the  contrary  effect  But  the 
mass  of  the  whole  of  the  planets  and  sateDites  taken 
together  is  so  small,  when  compared  with  that  of  the 
sun^  that  these  effects  are  quite  insensible,  and  could 
only  have  been  discovered  by  theory.  And,  as  it  is 
certain  that  the  greater  axes  and  mean  motions  are  not 
permanently  changed  by  any  other  power  whatever,  it 
may  be  concluded  that  they  are  invariable. 

With  the  exception  of  these  two  elements,  it  appears 
that  all  the  bodies  are  in  motion^  and  every  orbit  in  a 
state  of  perpetual  change.  Minute  as  these  changes  are^ 
they  might  be  supposed  to  accumulate  in  the  course  of 
ages^  sufficiently  to  derange  the  whole  order  of  nature, 
to  alter  the  relative  positions  of  the  planets,  to  put'an 
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end  to  the  vicissitudes  of  the  seasons^  and  to  bring  about 
collisions  which  would  involve  our  whole  system,  now 
80  harmonious,  in  chaotic  confusion.  It  is  natural  to 
enquire,  what  proof  exists  that  nature  will  be  preserved 
from  such  a  catastrophe  ?  Nothing  can  be  known  firom 
observation,  since  the  existence  of  the  human  race  has 
occupied  comparatively  but  a  point  in  duration,  while 
these  vicissitudes  embrace  myriads  of  ages.  The  proof 
is  simple  and  conclusive.  All  the  variations  of  the 
solar  system,  secular  as  well  as  periodic,  are  expressed 
analytically  by  the  sines  and  cosines  of  circular  arcs  i, 
which  increase  with  the  time ;  and,  as  a  sine  or  cosine 
can  never  exceed  the  radius,  but  must  oscillate  between 
zero  and  unity,  however  much  the  time  may  increase,  it 
follows  that,  when  the  variations  have  accumulated  to 
a  maximum,  by  slow  changes,  in  however  long  a  time, 
they  decrease,  by  the  same  slow  degrees,  till  they  arrive 
at  their  smallest  value,  again  to  b^n  a  new  course ; 
thus  for  ever  oscillating  about  a  mean  value.  This, 
however,  would  not  be  the  case  if  the  planets  moved 
in  a  resisting  medium  ^,  for  then  both  the  excentridties 
and  the  major  axes  of  the  orbits  would  vary  with  the 
time,  so  that  the  stability  of  the  system  would  be  ulti- 
mately destroyed.  The  existence  of  such  a  fluid  is  now 
proved ;  and,  although  it  is  so  extremely  rare  that 
hitherto  its  effects  on  the  motions  of  the  planets  have 
been  altogether  insensible,  there  can  be  no  doubt,  that, 
in  the  immensity  of  time,  it  will  modify  the  forms  of 
the  planetary  orbits,  and  may  at  last  even  cause  the 
destruction  of  our  system,  which  in  itself  contains  no 
principle  of  decay,  unless  a  rotatory  motion  from  west 
to  east  has  been  given  to  this  fluid  by  the  bodies  of  the 
solar  system,  which  have  all  been  revolving  about  the 
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sun  in  that  direction  for  unknown  ages.  Such  a  vortex 
would  have  no  effect  on  bodies  moving  with  it^  hut  it 
would  influence  the  motions  of  those  not  in  the  same 
direction. 

Three  circumstances  have  generally  been  supposed 
necessary  to  prove  the  stability  of  the  system :  the 
small  excentricities  of  the  planetary  orbits^  their  small 
inclinations^  and  the  revolutions  of  all  the  bodies^  as 
well  planets  as  satellites^  in  the  same  direction.  These 
circumstances  certainly  afibrd  the  means  of  proving  the 
variations  to  be  confined  to  very  narrow  limits  indeed : 
they,  however,  though  sufficient,  are  not  necessary  con- 
ditions. The  periodicity  of  the  terms  in  which  the  in- 
equalities are  expressed  is  enough  to  assure  us  that, 
though  we  do  not  know  the  extent  of  the  limits,  nor 
the  period  of  that  grand  cycle  which  probably  embraces 
millions  of  years,  yet  they  never  will  exceed  what  is 
requisite  for  the  stability  and  harmony  of  the  whole, 
for  the  preservation  of  which  every  circumstance  is  so 
beautifully  and  wonderfully  adapted. 

The  plane  of  the  ecliptic  itself,  though  assumed  to  be 
fixed  at  a  given  epoch  for  the  convenience  of  astrono- 
jnieal  computation,  U  subject  to  a  minute  secular  varia- 
tion of  47^^*55,  occasioned  by  the  reciprocal  action  of 
the  planets.  But,  as  this  is  also  periodical,  and  cannot 
exceed  2^  4&\  the  terrestrial  equator,  which  is  inclined 
to  it  at  an  angle  of  about  23°  27'  39"*26,  will  never 
coincide  with  the  plane  of  the  ecliptic :  so  there  never 
can  be  perpetual  spring.  ^  The  rotation  of  &e  earth  is 
uniform ;  therefore  day  and  night,  summer  and  winter, 
will  continue  their  vicissitudes  while  the  system  endures, 
or  is  undisturbed  by  foreign  causes. 


>  Note  77. 
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Yonder  tUrry  fpliare 
Of  planets,  and  of  fix'd,  in  all  her  wbeeb 
Resembles  nearest  nuues  intricate. 
Eccentric,  intenrolTed,  yet  regular. 
Then  most,  when  most  irr^ular  they  seem. 

The  stalulity  of  our  system  was  established  by  L* 
Grange :  ^'  a  discovery/'  says  Professor  Playfair^  '*  thai 
must  render  the  name  for  ever  memorable  in  science^ 
and  revered  by  those  who  delight  in  the  contemplation 
of  whatever  is  excellent  and  sublime."  After  Newton's 
discovery  of  the  mechanical  laws  of  the  elliptical  orbits 
of  the  planets^  La  Grange's  discovery  of  their  periodical 
inequalities  is^  without  doubt,  the  noUest  truth  in  phy-« 
sical  astronomy ;  and^  in  respect  of  the  doctrine  of  final 
causes,  it  may  be  regarded  as  the  greatest  of  all. 

Notwithstanding  the  permanency  of  our  system^  the 
secular  variations  in  the  planetary  orbits  would  have 
been  extremely  embarrassing  to  astronomers  when  it 
became  necessary  to  compare  observations  separated  by 
long  periods.  The  difficulty  was  in  part  obviated,  and 
the  principle  for  accomplishing  it  established,  by  La 
Place,  and  has  since  been  extended  by  M.  P<»nsot.  It 
appears  that  there  exists  an  invariable  plane  ^y  passing 
through  the  centre  of  gravity  of  the  system,  about 
which  the  whole  oscillates  within  very  narrow  limits^ 
and  that  this  plane  will  always  remain  parallel  to  itself, 
whatever  changes  time  may  induce  in  the  orbits  of  die 
planets,  in  the  plane  of  the  ecliptic,  or  even  in  the  law 
of  gravitation ;  provided  only  that  our  system  remains 
unconnected  with  any  other.  The  position  of  the  plane 
is  determined  by  this  property,  —  that,  if  each  particle  in 
the  system  be  multiplied  by  the  area  described  upon  this 
plane  in  a  given  time,  by  the  projection  of  its  radius 
vector  about  the  common  centre  of  gravity  of  the  whok^ 
1  NoteTS. 
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the  sum  of  all  these  products  will  be  a  maximum.  ^  La 
Place  found  that  the  plane  in  question  is  inclined  to  the 
ecliptic  at  an  angle  of  nearly  1°  35' 31''',  and  that,  in 
passing  through  the  sun,  and  about  midway  between  the 
orbits  of  Jupiter  and  Saturn,  it  may  be  regarded  as  the 
equator  of  the  solar  system,  dividing  it  into  two  parts, 
which  balance  one  another  in  all  their  motions.  This 
plane  of  greatest  inertia,  by  no  means  peculiar  to  the 
solar  system,  but  existing  in  every  system  of  bodies 
submitted  to  their  mutual  attractions  only,  always  main- 
tains a  fixed  position,  whence  the  oscillations  of  the 
system  may  be  estimated  through  unlimited  time.  Fu- 
ture astronomers  will  know,  from  its  immutability  or 
variation,  whether  the  sun  and  his  attendants  are  con- 
nected or  not  with  the  other  systems  of  the  universe. 
Should  there  be  no  link  between  them,  it  may  be  in- 
ferred, from  the  rotation  of  the  sun,  that  the  centre  of 
gravity  ^  of  the  system  situate  within  his  mass  describes 
a  straight  line  in  this  invariable  plane  or  great  equator 
of  the  solar  system,  which,  unaffected  by  the  changes  of 
time,  will  maintain  its  stability  through  endless  ages. 
But,  if  the  fixed  stars,  comets,  or  any  unknown  and  un- 
seen bodies,  affect  our  sun  and  planets,  the  nodes  of  this 
plane  wiU  slowly  recede  on  the  plane  of  that  immense 
orbit  which  the  sun  may  describe  about  some  most  dis- 
tant centre,  in  a  period  which  it  transcends  the  powers 
of  man  to  determine.  There  is  every  reason  to  believe 
that  this  is  the  case ;  for  it  is  more  than  probable  that, 
remote  as  the  fixed  stars  are,  they  in  some  degree 
influence  our  system,  and  that  even  the  invariability  of 
this  plane  is  relative,  only  appearing  fixed  to  creatures 
incapable  of  estimating  its  minute  and  slow  changes 
during  the  small  extent  of  time  and  space  granted  to  the 
1  Note  79.  *  Note  80. 
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human  race.  ^^  The  developement  of  such  changes^" 
as  M.  Poinsot  justly  ohserves^  "  is  similar  to  an  enor* 
mous  curye^  of  which  we  see  so  small  an  arc^  that  we 
imagine  it  to  be  a  straight  line."  If  we  raise  our  views 
to  the  whole  extent  of  the  universe,  and  consider  the 
stars,  together  with  the  sun,  to  be  wandering  bodies, 
revolving  about  the  common  centre  of  creation,  we  may 
then  recognise  in  the  equatorial  plane  passing  through 
the  centre  of  gravity  of  the  universe  the  only  instance 
of  absolute  and  eternal  repose. 

All  the  periodic  and  secular  inequalities  deduced 
from  the  law  of  gravitation,  are  so  perfectly  con- 
firmed by  observation,  that  analysis  has  become  one  of 
the  most  certain  means  of  discovering  the  planetary  irre- 
gularities, either  when  they  are  too  small  or  too  long  in 
their  periods  to  be  detected  by  other  methods.  Jupiter 
and  Saturn,  however,  exhibit  inequalities  which  for  a 
long  time  seemed  discordant  with  that  law.  All  observ- 
ations, from  those  of  the  Chinese  and  Arabs  down  to  the 
present  day,  prove  that  for  ages  the  mean  motions  of 
Jupiter  and  Saturn  have  been  affected  by  a  great  ine- 
quality of  a  very  long  period,  forming  an  apparent  ano- 
maly in  the  theory  of  the  planets.  It  was  long  known 
by  observation  that  ^ye  times  the  mean  motion  of 
Saturn  is  nearly  equal  to  twice  that  of  Jupiter  ;  a  rela- 
tion which  the  sagacity  of  La  Place  perceived  to  be  the 
cause  of  a  periodic  irregularity  in  the  mean  motion  of 
each  of  these  planets,  which  completes  its  period  in 
nearly  Q^S  years,  the  one  being  retarded  while  the  other 
is  accelerated;  but  both  the  magnitude  and  period  of 
these  quantities  vary,  in  consequence  of  the  secular 
variations  in  the  elements  of  the  orbits.  Suppose  the  two 
planets  to  be  on  the  same  side  of  the  sun,  and  all  three 
in  the  same  straight  line,  they  are  then  said  to  be  in 
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conjunction.^  Now^  if  they  begin  to  move  at  the  same 
time>  one  making  exactly  five  revolutions  in  its  orbit, 
while  the  other  only  accomplishes  two^  it  is  clear  that 
Saturn^  the  slow  moving  body>  will  only  have  got 
tiirough  a  part  of  its  orbit  during  the  time  that  Jupiter 
has  made  one  whole  revolution^  and  part  of  another^ 
before  they  be  again  in  conjunction.  It  is  found  that 
during  this  time  their  mutual  action  is  such  as  to  pro- 
duce a  great  many  perturbations  which  compensate  each 
other^  but  that  there  still  remains  a  portion  outstanding^ 
owing  to  the  length  of  time  during  which  the  forces 
act  in  the  same  manner ;  and  if  the  conjunctions  always 
happened  in  the  same  point  of  the  orbit^  this  imcom- 
pensated  inequality  in  the  mean  motion^  would  go  on  in- 
creasing till  the  periodic  times  and  forms  of  the  orbits 
were  completely  and  permanently  changed :  a  case  that 
would  actually  take  place  if  Jupiter  accomplished  exactly 
five  revolutions  in  the  time  that  Saturn  performed  two. 
These  revolutions  are^  however^  not  exactly  commen- 
surable ;  the  points  in  which  the  conjunctions  take 
place  are  in  advance  each  time  as  much  as  8^*37 ;  so 
that  the  conjunctions  do  not  happen  exactly  in  the  same 
points  of  the  orbits  till  after  a  period  of  850  years;  and^ 
in  consequence  of  this  small  advance^  the  planets  are 
brought  into  such  relative  positions,  that  the  ineqttality^ 
which  seemed  to  threaten  the  stability  of  the  syst^m^  is 
completely  compensated^  and  the  bodies^  having  returned 
o  the  same  relative  positions  with  regard  to  one  an- 
other and  the  sun^  b^n  a  new  course.  The  secular 
variations  in  the  elements  of  the  orbit  increase  the 
period  of  the  inequality  to  9^^  years.^  As  any  per- 
turbation which  affects  the  mean  motion  affects  also 
the  major  axis,  the  disturbing  forces  tend  to  diminish 

1  Kote  81.  »  Note  82. 
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the  major  axis  of  Jupiter's  orbit^  and  increase  that 
of  Saturn's  during  one  half  of  the  period^  and  the 
contrary  during  the  other  half.  This  inequality  is 
strictly  periodical^  since  it  depends  upon  the  con- 
figuration ^  of  the  two  planets ;  and  theory  is  con- 
firmed by  observation^  which  shows  that^  in  the 
course  of  twenty  centuries^  Jupiter's  mean  motion  has 
been  accelerated  by  about  3^  23',  and  Saturn's  retarded 
by  5°  13^.  Several  instances  of  perturbations  of  this 
kind  occur  in  the  solar  system.  One,  in  the  mean  mo- 
tions of  the  Earth  and  Venus  only  amounting  to  a  few 
seconds^  has  been  recently  worked  out  with  immense 
labour  by  Professor  Airy.  It  accompUshes  its  changes 
in  240  years^  and  arises  from  the  circumstance  of 
thirteen  times  the  periodic  time  of  Venus  being  nearly 
equal  to  eight  times  that  of  the  £arth.  Small  as  it  is^ 
it  is  sensible  in  the  motions  of  the  sun. 

It  might  be  imagined  that  the  reciprocal  action  of 
such  planets  as  have  satellites  would  be  different  from  the 
influence  of  those  that  have  none.  But  ihe  distances  of 
the  satellites  from  their  primaries  are  incomparably  less 
than  the  distiinces  of  the  planets  from  the  sun^  and  from 
cme  another.  So  that  the  system  of  a  planet  and  its 
satellites,  moves  nearly  as  if  all  these  bodies  were  united 
in  their  common  centre  of  gravity.  The  action  of  the 
sun,  however,  in  some  degree  disturbs  the  motion  of  the 
satellites  ab<nit  their  primary. 

1  Note  83. 
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SECTION  IV. 

THXOKT   OP  JCPITE»*8   SATELLITES. EFFECTS    OF    THE    FIGURE 

OF   JUriTEa   UPON   HIS    SATELLITES. POSmOH   OF  THEIB.  OR- 
BITS.  SINGULAR  LAWS  AMONG  THE   MOTIONS  OF  THE  THREE 

FIRST  SATELLITES. ECLIPSES  OF  THE  SATELLITES. VELOCITT 

OF  LIGHT.— ABERRATION. ETHEREAL  MEDIUM. SATELLITES 

OF  SATURN  AND  URANUS. 

The  changes  which  take  place  in  the  planetary  system 
are  exhibited  on  a  smaller  scale  by  Jupiter  and  his  satel- 
lites ;  and,  as  the  period  requisite  for  the  devdopement 
of  the  inequalities  of  these  moons  only  extends  to  a  few 
centuries,  it  may  be  r^arded  as  an  epitome  of  that 
grand  cycle  which  will  not  be  accomplished  by  the  pla- 
nets in  myriads  of  ages.  The  revolutions  of  the  satel- 
lites about  Jupiter  are  precisely  similar  to  those  of 
the  planets  about  the  sun  :  it  is  true  they  are  disturbed 
by  the  sun,  but  his  distance  is  so  great,  that  their  mo- 
tions are  nearly  the  same  as  if  they  were  not  under  his 
influence.  The  satellites,  like  the  planets,  were  proba- 
bly projected  in  elliptical  orbits :  but  the  compression  of 
Jupiter's  spheroid  is  very  great,  in  consequence  of  his 
rapid  rotation,  his  equatorial  diameter  exceeding  his 
polar  diameter  by  no  less  than  6000  miles ;  and,  as  the 
masses  of  the  satellites  are  nearly  100,000  times  less 
than  that  of  Jupiter,  the  immense  quantity  of  prominent 
matter  at  his  equator,  must  soon  have  given  the  circular 
form  observed  in  the  orbits  of  the  first  and  second  satel- 
lites, which  its  superior  attraction  will  always  maintain. 
The  third  and  fourth  satellites  being  farther  removed 
from  its  influence,  revolve  in  orbits  with  a  very  small 
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excentricity.  And  although  the  two  first  sensibly  move 
in  circles^  their  orbits  acquire  a  small  elliptidty  from 
the  disturbances  they  experience.^ 

It  has  been  stated^  that  the  attraction  of  a  sphere  on 
an  exterior  body^  is  the  same^  as  if  its  mass  were  united 
in  one  particle  in  its  centre  of  gravity^  and  therefore  in- 
yersely  as  the  square  of  the  distance.  In  a  spheroid^ 
however^  there  is  an  additional  force  arising  from  the 
bulging  mass  at  its  equator,  which^  not  following  the 
exact  law  of  gravity^  acts  as  a  disturbing  force.  One 
effect  of  this  disturbing  force  in  the  spheroid  of  Jupiter 
is,  to  occasion  a  direct  motion  in  the  greater  axes  of  the 
arUts  of  all  his  satellites,  which  is  more  rapid  the  nearer 
the  satellite  is  to  the  planet,  and  very  much  greater  than 
that  part  of  their  motion  which  arises  from  the  disturb- 
ing action  of  the  sun.  The  same  cause  occasions  the  orbits 
of  the  satellites  to  remain  nearly  in  the  plane  of  Jupi- 
ter's equator*,  on  account  of  which  the  satellites  are  al- 
ways seen  nearly  in  the  same  line  ^  ;  and  the  powerful 
action  of  that  quantity  of  prominent  matter,  is  the  reason 
why  the  motions  of  the  nodes  of  these  small  bodies  is  so 
much  more  rapid  than  those  of  the  planet.  The  nodes 
of  the  fourth  satellite  accomplish  a  tropical  revolution  in 
531  years ;  while  those  of  Jupiter's  orbit  require  no  less 
than  36,261  years; — a  proof  of  the  reciprocal  attrac- 
tion between  each  particle  of  Jupiter's  equator  and  of 
the  satellites.  In  fact,  if  the  satellites  moved  exactly 
in  the  plane  of  Jupiter's  equator,  they  would  not  be 
pulled  out  of  that  plane,  because  his  attraction  would  be 
equal  on  both  sides  of  it.  But,  as  their  orbits  have  a 
small  inclination  to  the  plane  of  the  planet's  equator, 
there  is  a  want  of  symmetry,  and  the  action  of  the  pro- 
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tuberant  matter  tends  to  make  the  nodes  regress  by  pull, 
ing  the  satellites  above  or  below  die  planes  of  their 
orbits  ;  an  action  which  is  so  great  on  the  interior  satel- 
lites^ that  the  motions  of  their  nodes  are  nearly  the  same 
as  if  no  other  disturlnng  force  existed. 

The  orbits  of  the  satellites  do  not  retain  a  permanent 
inclination^  either  to  the  plane  of  Jupiter's  equator^  or  to 
that  of  his  orbit^  but  to  certain  planes  passing  between 
^e  two^  and  through  their  intersection.  These  have  a 
greater  indination  to  his  equator  the  farther  the  satellite 
is  removed^  owing  to  the  influence  of  Jupiter's  com- 
pression^ and  they  have  a  slow  motion  corresponding  to 
secular  variations  in  the  planes  of  Jupiter's  orbit  and 
equator. 

The  satellites  are  not  only  subject  to  periodic  and 
secular  inequalities  from  their  mutual  attraction^  similar 
to  those  which  afiect  the  motions  and  orlnts  of  the  pla- 
nets^ but  also  to  others  peculiar  to  themselves.  Of  the 
periodic  inequalities  arising  from  their  mutual  attraction 
the  most  remarkable  take  place  in  the  angular  motions^ 
of  the  three  nearest  to  Jupiter^  the  second  of  which  re- 
ceives from  the  first  a  perturbation  similar  to  that  which 
it  produces  in  the  third;  and  it  experiences  from  the 
third  a  perturbation  similar  to  that  which  it  communi- 
cates to  the  first.  In  the  edipses  these  two  inequalities 
are  combined  into  one,  whose  period  is  4S7'659^y». 
The  variations  peculiar  to  the  satdHtes,  arise  from  the 
secular  inequalities  occasioned  by  the  action  of  the 
planets  in  the  form  and  position  of  Jupiter's  orbit^  and 
from  the  displacement  of  his  equator.  It  is  obvious 
that  whatever  altera  the  relative  positions  of  the  sun, 
Jupiter^  and  his  satellites^  must  occasion  a  change  in 
the  directions  and  intensities  of  the  forces,  which  will 

1  Note  87. 
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effect  the  motions  and  orbits  of  the  satellites.  For  this 
season  the  secular  yanations  in  the  exoentridty  of  Jo- 
piter'i  orbit  occasion  secular  inequalities  in  the  mean 
motions  of  the  satellites,  and  in  the  motions  of  the 
nodes  and  apsides  of  their  orbits.  The  displacement  of 
the  orbit  of  Jupiter,  and  &e  variation  in  the  position  of 
his  equator,  also  affect  these  small  bodies,  i  The  plane 
of  Jupiter's  equator  is  inclined  to  the  plane  of  his  orbit 
at  an  angle  of  3^  5^  30'^,  so  that  the  action  of  the  sun 
and  of  the  satellites  themselyes  produces  a  nutation  and 
precession^  in  his  equator,  precisely  similar  to  that 
which  takes  place  in  the  rotation  of  die  earth,  from  the 
action  of  the  sun  and  moon.  Hence  the  protuberant 
matter  at  Jupiter's  equator  is  continually  changing  its 
position  with  regard  to  the  satellites,  and  produces  cor- 
responding mutations  in  their  motions.  And,  as  the 
cause  must  be  proportional  to  the  effect,  these  ine- 
qualities afford  tiie  means,  not  only  of  ascertaining  the 
compression  of  Jupiter's  spheroid,  but  they  prove  that 
his  mass  is  not  homogeneous.  Although  the  apparent 
diameters  of  the  satellites  are  too  small  to  be  measured^ 
yet  their  perturbations  give  the  values  of  tiidr  masses 
with  considerable  accuracy, — a  striking  proof  of  the 
power  of  analyas. 

A  singular  law  obtains  among  tiie  mean  motions  and 
mean  longitudes  of  the  three  first  satellites.  It  ap- 
pears from  observation  that  die  mean  motion  of  the 
first  satdlite,  plus  twice  tiiat  of  the  third,  is  equal  to 
^ree  times  that  of  the  second ;  and  that  the  mean  lon- 
gitude of  the  first  satellite,  minus  three  times  diat  of  the 
aeeond,  plus  twice  that  of  the  third,  is  always  equal  to 
two  right  angles.  It  is  proved  by  theory,  that  if  these 
lelations  had  only  been  appnndmate  when  the  satellites 
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were  first  launched  into  space^  their  mutual  attractions 
would  have  established  and  maintained  them^  notwith- 
standing the  secular  inequalities  to  which  they  are  liable. 
They  extend  to  the  synodic  motions  i  of  the  satellites, 
consequently  they  affect  their  eclipses^  and  have  a  very 
great  influence  on  their  whole  theory.  The  satellites 
move  so  nearly  in  the  plane  of  Jupiter's  equator,  which 
has  a  very  si^all  inclination  to  his  orbit,  that  the  three 
first  are  eclipsed  at  each  revolution  by  the  shadow  of 
the  planet,  which  is  much  larger  than  the  shadow  of  the 
moon ;  the  fourth  satellite  is  not  eclipsed  so  frequently 
as  the  others.  The  eclipses  take  place  close  to  the  disc 
of  Jupiter  when  he  is  near  opposition  2;  but  at  times 
his  shadow  is  so  projected  with  regard  to  the  earth,  that 
the  third  and  fourth  satellites  vanish  and  re-appear  on 
the  same  side  of  the  disc.^  These  eclipses  are  in  all  re- 
spects similar  to  those  of  the  moon ;  but,  occasionally, 
the  satellites  eclipse  Jupiter,  sometimes  passing  like 
obscure  spots  across  his  surface,  and  resembling  annular 
eclipses  of  the  sun,  and  sometimes  like  a  bright  spot 
traversing  one  of  his  dark  belts.  Before  opposition, 
the  shadow  of  the  satellite,  like  a  round  black  spot,  pre- 
cedes its  passage  over  the  disc  of  the  planet;  and  aftac 
opposition,  the  shadow  follows  the  satellite. 

In  consequence  of  the  relations  already  mentioned  in 
the  mean  motions  and  mean  longitudes  of  the  three  first 
satellites,  they  never  can  be  all  eclipsed  at  the  same 
time.  For  when  the  second  and  third  are  in  one  direc 
tion,  the  first  is  in  the  opposite  direction;  consequently, 
when  the  first  is  eclipsed,  the  other  two  must  be  be- 
tween the  sun  and  Jupiter.  The  instant  of  the  begin- 
ning or  end  of  an  eclipse  of  a  satellite  marks  the  same 
instant  of  absolute  time  to  all  the  inhabitants  of  die 
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earth ;  therefore^  the  time  of  these  eclipses  obseryed  by 
a  traveller^  when  compared  with  the  time  of  the  eclipse 
computed  for  Greenwich^  or  any  other  fixed  meridian  ^, 
gives  the  difierence  of  the  meridians  in  time^  and  con- 
sequently the  longitude  of  the  place  of  observation. 
The  eclipses  of  Jupiter's  satellites  have  been  the  means 
of  a  discovery  which^  though  not  so  immediately  apph- 
cable  to  the  wants  of  man^  unfolds  one  of  the  properties 
of  lights — that  medium  without  whose  cheering  influ- 
ence all  the  beauties  of  the  creation  would  have  been  to 
us  a  blank.  It  is  observed^  that  those  eclipses  of  the 
first  satellite^  which  happen  when  Jupiter  is  near  con- 
junction 2,  are  later  by  l6^  26»'6  than  those  which 
take  place  when  the  planet  is  in  opposition.  But^  as 
Jupiter  is  nearer  to  us  when  in  opposition  by  the  whole 
breadth  of  the  earth's  orbit  than  when  in  conjunction, 
this  circumstance  was  attributed  to  the  time  employed 
by  the  rays  of  light  in  crossing  the  earth's  orbit^  a  dis-  ^ 
tance  of  about  1 90^000^000  of  miles ;  whence  it  is  esti- 
mated that  light  travels  at  the  rate  of  190^000  miles  in 
one  second.  Such  is  its  velocity^  that  the  earthy  moving 
at  the  rate  of  nineteen  miles  in  a  second^  would  take  two 
months  to  pass  through  a  distance  which  a  ray  of  light 
would  dart  over  in  eight  minutes.  The  subsequent  dis« 
covery  of  the  aberration  of  light  confirmed  this  astonish- 
ing result. 

Objects  appear  to  be  situate  in  the  direction  of  the 
rays  which  proceed  from  them.  Were  light  propagated 
instantaneously^  every  object^  whether  at  rest  or  in  mo- 
tion^  would  appear  in  the  direction  of  these  rays ;  but 
as  light  takes  some  time  to  travel^  we  see  Jupiter  in 
coigunction^  by  means  of  rays  that  left  him  l6°^  26^ '6 
before;  but^  during  that  time^  we  have  changed  our 
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position^  in  consequence  of  the  motion  of  the  eardi  in 
its  orhit ;  consequently  we  refer  Jupiter  to  a  place  in 
which  he  is  not.  His  true  position  is  in  the  diagonal  ^ 
of  the  parallelogram^  whose  sides  are  in  the  ratio  of  the 
velocity  of  light  to  the  velocity  of  the  earth  in  its  orbit, 
which  is  as  190,000  to  19,  w  10,000  to  1.  In  conse- 
quence of  the  aberration  of  light,  &e  heavenly  bodies 
seem  to  be  in  places  in  which  they  axe  not.  In  fact, 
if  the  earth  were  at  rest,  rays  from  a  star  would  pass 
along  the  axis  of  a  telesci^  directed  to  it :  but  if  the 
earth  were  to  begin  to  move  in  its  orbit,  with  its  usual 
vdocity,  these  rays  would  strike  against  the  side  of  the 
tube ;  it  would,  therefore,  be  necessary  to  incline  the 
tdescope  a  little,  in  order  to  see  tlie  star.  The  angle 
contained  between  the  axis  of  the  tdescope  and  a  line 
drawn  to  the  true  place  of  the  star,  is  its  aberration, 
which  varies  in  quantity  and  direction  in  different  parts 
of  the  earth's  orbit ;  but  as  it  is  only  20'^'S7,  or  20''-5, 
it  is  insensible  in  ordinary  cases.  ^ 

The  vdocity  of  light  deduced  from  the  observed 
aberration  of  the  fixed  stars,  perfectly  corresponds  wil^ 
that  given  by  the  eclipses  of  the  first  satellite.  The 
same  result,  obtained  from  sources  so  different,  leaves 
not  a  doubt  of  its  truth.  Many  su(^  beautiM  coin- 
cidences, derived  from  circumstances  i^parently  ^be 
most  impromising  and  dissimilar,  occur  in  pbgrsical 
astronomy,  and  prove  coanexions,  which  we  might 
otherwise  be  unable  to  trace.  The  identity  of  the  ve- 
locity of  light,  at  the  distance  of  Jujater,  and  on  the 
earth's  surface,  showa  that  its  velocity  is  uniform ;  and 
if  light  consists  in  the  vibrations  of  an  elastic  fluid  or 
ether  filling  space,  an  hypothesis  which  accords  best 
with  observed  phenomena,  the  uniformity  of  its  velocity 
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shows  l^t  the  density  of  the  fluid  throughout  the  whole 
extent  of  the  solar  system  must  he  proportional  to  its 
dasticityJ  Among  the  fortunate  conjectures  which 
have  been  confirmed  by  subsequent  experience^  that  of 
Bacon  is  not  the  least  remarkable.  "  It  produces  in 
me"  says  die  restorer  of  true  philosophy^  **  a  doubt 
whether  the  face  of  the  serene  and  starry  heavens  be 
seen  at  the  instant  it  really  exists^  or  not  till  some  time 
later ;  and  whether  there  be  not^  with  respect  to  the 
heavenly  bodies^  a  true  time  and  an  apparent  time^  no 
less  than  a  true  place  and  an  apparent  place,  as  astro- 
nomers say^  on  account  of  parallax.  For  it  seems  in. 
credible  that  the  species  or  rays  of  the  celestial  bodies 
can  pass  through  the  immense  interval  between  them 
and  us  in  an  instant^  or  that  they  do  not  even  require 
some  considerable  portion  of  time." 

As  great  discoveries  generally  lead  to  a  variety  of 
conclusions^  the  aberration  of  light  affords  a  direct  proof 
of  the  motion  of  the  earth  in  its  orbit ;  and  its  rotation 
is  proved  by  the  theory  of  falling  bodies^  since  the  cen- 
trifugal force  it  induces^  retards  the  oscillations  of  the 
pendulum^  in  going  from  the  pole  to  the  equator.  Thus 
a  high  degree  of  scientific  knowledge  has  been  requisite 
to  dispel  the  errors  of  the  senses. 

The  little  that  is  known  of  the  dieories  of  the  satellites 
of  Saturn  and  Uranus  is^  in  all  respects^  similar  to  that 
of  Jupiter.  Saturn  is  accompanied  by  seven  satellites^  the 
most  distant  of  which  is  about  the  size  of  the  planet  Mars, 
Its  orbit  has  a  sensible  inclination  to  the  plane  of 
the  ring^  but  the  great  compression  of  Saturn  oc- 
casions the  other  satellites  to  move  nearly  in  the 
plane  of  his  equator.  So  many  circumstances  must 
concur  to  render  the  two  interior  satellites  visible,  that 
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they  have  very  rarely  heen  seen.  They  move  exactly  at 
the  edge  of  the  ring,  and  their  orhits  never  deviate  frova. 
its  plane.  In  1789^  Sir  William  Herschel  saw  them 
like  beads,  threading  the  slender  line  of  light  which  the 
ring  is  reduced  to,  when  seen  edgewise  from  the  earth. 
And  for  a  short  time  he  perceived  them  advancing  off  it 
at  each  end,  when  turning  round  in  their  orbits.  The 
eclipses  of  the  exterior  satellites  only  take  place  when 
the  ring  is  in  this  position.  Of  the  situation  of  the 
equator  of  Uranus  we  know  nothing,  nor  of  his  compres- 
sion ;  but  the  orbits  of  his  satellites  are  nearly  perpen- 
dicular to  the  plane  of  die  ecliptic,  and  by  analogy  they 
ought  to  be  in  the  plane  of  his  equator.  Their  motions 
offer  the  singular  phenomenon  of  being  retrograde,  or 
^m  east  to  west;  while  all  the  planets  and  the  other 
satellites  revolve  in  the  contrary  direction. 
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LUNA&  THEOBT.  ^-  PERIODIC  PERTURBATIONS   OF  THE  MOON.  — 

EQUATION  OF  CENTRE. EVECTION. VARIATION. ANNUAL 

EQUATION. DIRECT   AND    INDIRECT  ACTION    OF   PLANETS.  — 

moon's  action  on  earth  DISTURBS  HER  OWN  MOTION.  — 
EXCENTRICITY  AND  INCLINATION  OF  LUNAR  ORBIT  INVARI- 
ABLE. —  ACCELERATION.  —  SECULAR    VARIATION     IN      NODES 

AND  PERIGEE. ^MOTION  OF  NODES  AND  PERIGEE  INSEPARABLY 

CONNECTED  WITH  THE  ACCELERATION. -»  NUTATION  OF  LUNAR 
ORBIT. FORM  AND  INTERNAL  STRUCTURE  OF  EARTH  DETER- 
MINED FROM  rr. LUNAR,  SOLAR,  AND  PLANETARY  ECLIPSES. 

OCCULTATIONS   AND   LUNAR    DISTANCES. MEAN  DISTANCE 

OF  THE  SUN  FROM  THE  EARTH  OBTAINED  FROM  LUNAR  THE- 
ORY.   ABSOLUTE  DISTANCES  OF  THE  PLANETS,  HOW  FOUND. 

Our  constant  companion,  the  moon^  next  claims  our  at- 
tention. Several  circumstances  concur  to  render  her  mo- 
tions the  most  interesting^  and  at  the  same  time  the  most 
difficult  to  investigate^  of  all  the  bodies  of  our  system. 
In  the  solar  system,  planet  troubles  planet;  but  in  the  lu- 
nar theory^  the  sun  is  the  great  disturbing  cause;  his  Tast 
distance  being  compensated  by  his  enormous  magnitude, 
so  that  the  motions  of  the  moon  are  more  irregular  than 
those  of  the  planets ;  and,  on  account  of  the  great  ellip- 
ticity  of  her  orbit,  and  the  size  of  the  sun,  the  approxi- 
mations to  her  motions  are  tedious  and  difficult,  beyond 
what  those  unaccustomed  to  such  investigations  could 
imagine.  The  average  distance  of  the  moon  from  the 
centre  of  the  earth  is  only  237^360  miles,  so  that  her 
motion  among  the  stars  is  perceptible  in  a  few  hours 
She  completes  a  circuit  of  the  heavens  in  27**  7**  43°* 
11  "*5,   moving  in  an  orbit  whose  excentricity  is  about 
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12,9S5  miles.  The  moon  is  about  four  hundred  times, 
nearer  to  the  earth  than  the  sun.  The  proximity 
of  the  moon  to  the  earth  keeps  them  together.  For 
so  great  is  the  attraction  of  the  sun^  that  if  the  moon 
were  farther  from  the  earthy  she  would  leave  it 
altogether,  and  would  revolve  as  an  independent  planet 
about  the  sun. 

The  disturbing  action^  of  the  sun  on  the  moon,  is 
equivalent  to  three  forces.  The  first,  acting  in  the  di- 
rection of  the  line  joining  the  moon  and  earth,  increases 
or  diminishes  her  gravity  to  the  earth.  The  second, 
acting  in  the  direction  of  a  tangent  to  her  orbit,  disturbs 
her  motion  in  longitude.  And  the  third,  acting  per- 
pendicularly to  the  plane  of  her  orbit,  disturbs  her  mo- 
tion in  latitude ;  that  is,  it  brings  her  nearer,  or  removes 
her  farther  from  the  plane  of  the  ecliptic  than  she  would 
otherwise  be.  The  periodic  perturbations  in  the  moon 
arising  from  these  forces,  are  perfectly  similar  to  the 
periodic  perturbations  of  the  planets.  But  they  are  much 
greater  and  more  numerous,  because  the  sun  is  so  large, 
that  many  inequalities  that  are  quite  insensible  in  the 
motions  of  the  planets,  are  of  great  magnitude  in  those 
of  the  moon.  Among  the  innumerable  periodic  in- 
equalities to  which  die  moon's  motion  in  longitude  is 
liable,  the  most  remarkable  are,  the  Equation  of  the 
Centre,  which  is  the  difierence  between  the  moon's  mean 
and  true  longitude,  the  Evection,  the  Variation,  and 
the  Annual  Equation.  The  disturbing  force  which 
acts  in  the  Hne  joining  the  moon  and  earth  produces 
the  Evection :  it  diminishes  the  excentricity  of  the  hinav 
orbit  in  ooigunction  and  opposition,  thereby  making  it 
moxe  circular,  and  augments  it  in  quadrature,  which  oon- 
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sequently  renders  it  more  elliptical.  The  period  of  this 
inequality  is  less  than  thirty-two  days.  Were  die  in-> 
crease  and  diminution  always  the  same^  the  evection 
would  only  depend  upon  the  distance  of  the  moon  from 
the  sun ;  but  its  absolute  value  also  varies  with  her  dis- 
tance  from  the  perigee^  of  her  orbit.  Ancient  astrono- 
mers^ who  observed  the  moon  solely  with  a  view  to  the 
prediction  of  eclipses^  which  can  only  happen  in  conjunc* 
tion  and  opposition^  where  the  exoentricity  is  diminished 
by  the  evection^  assigned  too  small  a  value  to  the  ellip- 
ticity  of  her  orbit.2  The  Variation  produced  by 
the  tangential  disturbing  force^  which  is  at  its  maximum 
when  the  moon  is  45^  distant  from  the  sim^  vanishes 
when  that  distance  amounts  to  a  quadrant^  and  also  when 
the  moon  is  in  conjunction  and  opposition ;  consequently^ 
that  inequality  never  could  have  been  discovered  from 
the  eclipses :  its  period  is  half  a  lunar  month.^  The  An. 
nual  Equation  depends  upon  the  sun's  distance  from  the 
earth:  it  arises  from  the  moon's  motion  being  accelerated 
when  that  of  the  earth  is  retarded^  and  vice  vered  —  for^ 
when  the  earth  is  in  its  perihelion^  the  lunar  orbit  is 
enlarged  by  the  action  of  the  sun ;  therefore^  the  moon 
requires  more  time  to  perform  her  revolution.  But^  as 
the  earth  approaches  its  aphelion^  the  moon's  orbit  c<m- 
tracts^  and  less  time  is  necessary  to  accomplish  her  mo* 
tion^ — its  period^  consequently^  depends  upon  the  time 
of  the  year.  In  the  eclipses^  the  Annual  Equation  com- 
bines with  the  equation  of  ibe  centre  of  the  terrestrial 
orbitj  so  that  ancient  astronomers  imagined  the  earth's 
orbit  to  have  a  greater  eloentiicity  than  modem  astro- 
nomers assign  to  it. 

The  planets  disturb  the  motion  of  the  moon  both 
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directly  and  indirectly :  their  action  on  the  earth  alters 
its  relative  position  with  regard  to  the  sun  and  moon, 
and  occasions  inequalities  in  the  moon's  motion^  which 
are  more  considerable  than  diose  arising  fpom  their  di- 
rect action ;  for  the  same  reason  the  moon^  by  disturb- 
ing the  earthy  indirectly  disturbs  her  own  motion.  NeL. 
ther  the  excentricity  of  the  lunar  orbit^  nor  its  mean 
inclination  to  the  plane  of  the  ecliptic^  have  experienced 
any  changes  from  secular  inequalities ;  for^  although  the 
mean  action  of  the  sun  on  the  moon^  depends  upon  the 
inclination  of  the  lunar  orbit  to  the  ecliptic^  and  that  the 
position  of  the  ecliptic  is  subject  to  a  secular  inequality, 
yet  analysis  shows^  that  it  does  not  occasion  a  secular  va^ 
nation  in  the  inclination  of  the  lunar  orbit^  because  the 
action  of  the  sun  constantly  brings  the  moon's  orbit  to 
the  same  inclination  to  the  ecliptic.  The  mean  motion, 
the  nodes^  and  the  perigee,  however,  are  subject  to  very, 
remarkable  variations. 

From  an  eclipse  observed  by  the  Chaldeans  at  Baby- 
lon, on  the  19th  of  March,  seven  hundred  and  twenty, 
one  years  before  the  Christian  era,  the  place  of  the  moon 
is  known  from  that  of  the  sun  at  the  instant  of  opposi- 
tion I,  whence  her  mean  longitude  may  be  found.  But 
the  comparison  of  this  mean  longitude  with  another  mean 
longitude,  computed  back  for  the  instant  of  the  eclipse 
from  modem  observations,  shows  that  the  moon  performs 
her  revolution  round  the  earth  more  rapidly  and  in  a 
shorter  time  now,  than  she  did  formerly  ;  and  that  the 
acceleration  in .  her  mean  motion  has  been  increasing 
from  age  to  age,  as  the  square  of  the  time.^  All  ancient 
and  intermediate  eclipses  confirm  this  result.  As  the 
mean  motions  of  the  planets  have  no  secular  inequalities. 
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this  seemed  to  be  an  unaccountable  anomaly.  It  was  at 
one  time  attributed  to  the  resistance  of  an  etherial  me- 
dium penrading  space^  and  at  another  to  the  successive 
transmission  of  the  gravitating  force. ,  But  as  La  Place 
proved  that  neither  of  these  causes^  even  if  they  exists 
have  any  influence  on  the  motions  of  the  lunar  perigee  ^ 
or  nodesj  they  could  not  affect  the  mean  motion  ;  a  va- 
riation in  the  mean  motion  from  such  causes^  being  in- 
separably connected  with  variations  in  the  motions  of 
the  perigee  and  nodes.  That  great  mathematician^  in 
studying  the  theory  of  Jupiter's  satellites,  perceived  that 
the  secular  variation  in  the  elements  of  Jupiter's  orbit, 
from  the  action  of  the  planets,  occasions  corresponding 
changes  in  the  motions  of  the  satellites, which  led  him  to 
suspect  that  the  acceleration  in  the  mean  motion  of  the 
moon  might  be  connected  with  the  secular  variation  in 
the  excentricity  of  the  terrestrial  orbit.  Analysis  has 
shown  that  he  assigned  the  true  cause  of  the  acceler- 
ation. 

It  is  proved  that  the  greater  the  excentricity  of  the 
terrestrial  orbit,  the  greater  is  the  disturbing  action  of  the 
sun  on  the  moon.  Now  as  the  excentricity  has  been  de- 
creasing for  ages,  the  effect  of  the  sun  in  disturbing  the 
moon  has  been  diminishing  during  that  time.  Conse- 
quently the  attraction  of  the  earth  has  had  a  more  and 
more  powerful  effect  on  the  moon,  and  has  been  con- 
tinually diminishing  the  size  of  the  lunar  orbit.  So  that 
the  moon  s  velocity  has  been  gradually  augmenting  for 
many  centuries  to  balance  the  increase  of  the  earth's  at- 
traction. This  secular  increase  in  the  moon's  velocity, 
is  called  the  Acceleration,  a  name  peculiarly  appropriate 
at  present,  and  which  will  continue  to  be  so  for  a  vast 
number  of  ages  to  come  ;  because,  as  long  as  the  earth's 
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excentricity  diminishes^  the  moon's  mean  motion  will  be 
accelerated^  but  when  the  excentricity  has  passed  its  mi. 
nimum^  and  begins  to  increase^  the  mean  motion  will 
be  retarded  from  age  to  age.  The  secular  accelera- 
tion is  now  about  ll'"209>  but  its  effect  on  the  moon's 
place  increases  as  the  square  of  the  time.  It  is  remark- 
able  that  the  action  of  the  planets^  thus  reflected  by  the 
sun  to  the  moon^  is  much  more  sensible  than  their  direct 
action  either  on  the  earth  or  moon.  The  secular  dimi- 
nution in  the  excentricity,  which  has  not  altered  the 
equation  of  the  centre  of  the  sun  by  eight  minutes  since 
the  earliest  recorded  eclipses,  has  produced  a  variation 
of  about  1°  48'  in  the  moon's  longitude,  and  of  7°  12' 
in  her  mean  anomaly.  ^ 

The  action  of  the  sun  occasions  a  rapid  but  variable 
motion  in  the  nodes  and  perigee  of  the  lunar  orbit. 
Though  the  nodes  recede  during  the  greater  part  of  the 
moon's  revolution,  and  advance  during  the  smaller,  they 
perform  their  sidereal  revolution  in  6793*^  6*»  41™  45»'6 
and  the  perigee  accomplishes  a  revolution  in 
3282"^  13^  48""  29«*4,  or  a  little  more  than  nine  years, 
notwithstanding  its  motion  is  sometimes  retr(^rade  and 
sometimes  direct :  but  such  is  the  difference  between 
the  disturbing  energy  of  the  sun  and  that  of  all  the 
planets  put  together,  that  it  requires  no  less  than 
109,830  years  for  ^  greater  axis  of  the  terrestrial 
orbit  to  do  the  same,  moving  at  the  rate  of  11  "^^'8  an- 
nually. The  form  of  the  earth  has  no  sensible  effect 
either  on  the  lunar  nodes  or  apsides.  It  is  evident 
that  the  same  secular  varii^tion  which  Ganges  the  sun's 
distance  from  the  earth,  and  occasions  the  acceleration 
in  the  moon's  mean  motion,  must  affect  the  nodes  and 
perigee.     It  consequently  appeafs,  from  theory  as  well 

1  Note  KM. 

Digitized  by  VjOOQIC 


8BGT.  y.  8B0VLAB   INBQVALITIEg.  49 

as  obserration^  diat  both  these  elements  are  subject  to  a 
secular  inequality  arising  horn  die  variation  in  the  ex- 
centricity  of  the  earth's  orbit,  which  connects  them  with 
the  Acceleration^  so  that  both  are  retarded  when  the 
mean  motion  is  anticipated.  The  secular  variations  in 
these  three  elements  are  in  the  ratio  of  the  numbers  3, 
(yfSS,  and  1 ;  whence  die  three  motions  of  the  moon^ 
with  regard  to  the  sun^  to  her  perigee^  and  to  hernodes^ 
are  continually  accelerated^  and  their  secular  equations 
are  as  the  numbers  1,  4*702,  and  0*6X2.  A  compari- 
son of  ancient  edipses  observed  by  die  Arabs^  Greeks^ 
and  Chaldeans^  imperfect  as  they  are^  with  modem 
observations^  confirms  these  results  of  analysis.  Future 
ages  will  develop  diese  great  inequalities^  which  at 
some  most  distant  period  will  amount  to  many  cir- 
cumferences.^ They  are^  indeed^  periodic;  but  who 
shall  tell  their  period  ?  Millions  of  years  must  elapse 
before  diat  great  cycle  is  accomplished. 

The  moon  is  so  near^  duit  the  excess  of  matter  at 
die  earth's  equator,  occasions  periodic  variadons  in  her 
longitude^  and  also  that  remarkable  inequality  in  her 
li^tude^  already  mentioned  as  a  nutation  in  the  lunar 
orbit,  which  diminishes  its  indination  to  the  ediptic, 
when  die  moon's  ascending  node  coinddes  widi  the 
equinox  of  spring,  and  augments  it  when  that  node 
coinddes  with  the  equinox  of  autumn.  As  the  cause 
'  must  be  proportional  to  the  effisct^  a  comparison  of 
these  inequalities,  computed  from  dieory,  with  the 
same  given  by  observation,  shows  that  the  compression  of 
the  terrestrial  spheroid,  or  die  ratio  of  die  difference  be- 
tween die  polar  and  equatorial  diameters,  to  the  diameter 
of  the  equator,  is  -^jj^.jf^'  It  is  proved  analytically^  that  if 
a  fluid  mass  of  homogeneous  matter,  whose  partides 

1  Note  105. 
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attract  each  other  inversely  as  the  square  of  the  distance^ 
were  •  to  revolve  ahout  an  axis  as  the  earth  does^  it 
would  assume  the  form  of  a  spheroid  whose  compres- 
sion is  2^>  whence  it  appears  that  the  earth  is  not 
homc^eneous^  hut  decreases  in  density  from  its  centre 
to  its  drcumference.  Thus  the  moon's  eclipses  show 
the  earth  to  he  rounds  and  her  inequalities  not  only 
determine  the  form^  hut  the  internal  structure  of  our 
planet ;  results  of  analysis  which  could  not  have  heen 
anticipated.  Similar  inequalities  in  the  motions  of 
Jupiter's  satellites  prove  that  his  mass  is  not  homo- 
geneousj  and  that  his  compression  is  -j^.-^.  His  equa- 
torial diameter  exceeds  his  polar  diameter  by  about 
6000  miles. 

The  phases  ^  of  the  moon,  which  vary  from  a  slender 
silvery  crescent  soon  after  conjunction  to  a  complete 
circle  of  light  in  opposition^  decrease  by  the  same  de- 
grees till  the  moon  is  again  enveloped  in  the  morning 
beams  of  the  sun.  These  changes  regulate  the  returns  of 
the  eclipses.  Those  of  the  sun  can  only  happen  in 
conjunction^  when  the  moon^  coming  between  the  earth 
and  the  sun,  intercepts  his  light.  Those  of  the  moon 
are  occasioned  by  the  earth  intervening  between  the 
sun  and  moon  when  in  opposition.  As  the  earth  is 
opaque  and  nearly  spherical,  it  throws  a  conical  shadow 
on  the  side  of  the  moon  opposite  to  the  sun,  the  axis 
of  which  passes  through  the  centres  of  the  sun  and 
earth.2  The  length  of  the  shadow  terminates  at 
die  point  where  the  apparent  diameters^  of  the  sun  and 
earth  would  be  the  same.  When  the  moon  is  in  oppo- 
sition, and  at  her  mean  distance^  the  diameter  of  the 
sun  would  be  seen  from  her  centre  under  an  angle  of 
1918''^*1«  That  of  the  earth  would  appear  under  an  . 
1  Note  10&  s  Note  107.  '~  Note  106. 
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angle  of  GQOS'^-S.  So  that  the  length  of  the  shadow  is 
at  least  three  times  and  a  half  greater  than  the  distance 
of  the  moon  from  the  earthy  and  the  breadth  of  the 
shadow^  where  it  is  traversed  by  the  moon^  is  about 
eight  thirds  of  the  lunar  diameter.  Hence  the  moon 
would  be  eclipsed  every  opposition^  were  it  not  for  the 
inclination  of  her  orbit  to  the  plane  of  the  ecliptic^  in 
consequence  of  which  the  moon  in  opposition  is  either 
above  or  below  the  cone  of  the  earth's  shadow^  except 
when  in  or  near  her  nodes.  Her  position  with  regard 
to  them  occasions  all  the  varieties  in  the  lunar  eclipses. 
Every  point  of  the  moon's  surface  successively  loses  the 
light  of  different  parts  of  the  sun's  disc  before  being 
eclipsed.  Her  brightness  therefore  gradually  diminishes 
before  she  plunges  into  the  earth's  shadow.  The 
breadth  of  the  space  occupied  by  the  penumbra  ^  is  equal 
to  the  apparent  diameter  of  the  sun,  as  seen  from  the 
centre  of  the  moon.  The  mean  duration  of  a  revolu- 
tion of  the  sun^  with  regard  to  the  node  of  the  lunar 
orbit^  is  to  the  duration  of  a  synodic  revolution  ^  of  the 
moon  as  223  to  I9.  So  that^  after  a  period  of  223 
lunar  months,  the  sun  and  moon  would  return  to  the 
same  relative  position  to  the  node  of  the  moon*s  orbit^ 
and  therefore  the  eclipses  would  recur  in  the  same  order^ 
were  not  the  periods  altered  by  irregularities  in  the 
motions  of  the  sun  and  moon.  In  lunar  eclipses^  our 
atmosphere  bends  the  sun's  rays  which  pass  through  it 
all  round  into  the  cone  of  the  earth's  shadow.  And 
as  the  horizontal  refraction  ^  or  bending  of  the  rays 
surpasses  half  the  sum  of  the  semidiameters  of  the 
sun  and  moon^  divided  by  their  mutual  distance^  the 
centre  of  the  lunar  disc,  supposed  to  be  in  the  axis  of 
the  shadow,  would  receive  the  rays  from  the  same  point 

»  Note  109. '  2  Notelia  s  Note  111. 
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of  the  Buo^  round  all  sides  of  the  earthy  so  that  it  would 
be  more  illuminated  than  in  full  moon^  if  the  greater 
portion  of  the  light  were  not  stopped  or  absorbed  by 
the  atmosphere.  Instances  are  recorded  where  this 
feeble  light  has  been  entirely  absorbed^  so  that  the 
moon  has  altogether  disappeared  in  her  eclipses. 

The  sun  is  eclipsed  when  the  moon  intercepts  his 
rays.^  The  moon^  though  incomparably  smaller  than 
the  sun^  is  so  much  nearer  the  earthy  that  her  apparent 
diameter  differs  but  little  from  his^  but  both  are  liable 
to  such  variations^  that  they  alternately  surpass  one 
another.  Were  the  eye  of  a  spectator  in  the  same 
straight  line  with  the  centres  of  the  sun  and  moon^  he 
would  see  the  sun  eclipsed.  If  the  apparent  diameter 
of  the  moon  surpassed  that  of  the  sun^  the  eclipse 
would  be  total.  If  it  were  less^  the  observer  would  see 
a  ring  of  light  round  the  disc  of  the  moon^  and  the 
eclipse  would  be  annular.  If  the  centre  of  the  moon 
should  not  be  in  the  straight  line  joining  the  centres  of 
the  sun  and  the  eye  of  the  observer^  the  moon  might  only 
eclipse  a  part  of  the  sun.  The  variation^  therefore^ 
in  the  distances  of  the  sun  and  moon  from  the  centre 
of  the  earthy  and  of  the  moon  from  her  node  at  the  in- 
stant of  conjunction^  occasions  great  varieties  in  the 
solar  eclipses.  Besides^  the  height  of  the  moon  above 
the  horizon  changes  her  apparent  diameter^  and  may 
augment  or  diminish  the  apparent  distances  of  the 
centres  of  the  sun  and  moon,  so  that  an  eclipse  of  the 
sun  may  occur  to  the  inhabitants  of  one  country^ 
and  not  to  those  of  another.  In  this  respect  the  solar 
eclipses  differ  from  the  lunar^  which  are  the  s^me  for 
every  part  of  the  earth  where  the  sun  and  moon  are 
above  the  horizon.  In  solar  eclipses,  the  light  reflected 
1  NotellS. 
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by  the  atmosphere  diminishes  the  obscurity  they  pro> 
duce.  Even  in  total  eclipses  the  higher  part  of  the 
atmosphere  is  enlightened  by  a  part  of  the  sun's  disc^ 
and  reflects  its  rays  to  the;  earth.  The  whole  disc  of 
the  new  moon  is  frequently  visible  from  atmospheric 
reflection. 

Planets  sometimes  eclipse  one  another.  On  the  17th 
of  May,  1737,  Mercury  was  eclipsed  by  Venus  near 
their  inferior  conjunction  :  Mars  passed  over  Jupiter  on 
the  9th  of  January,  1591^  and  on  the  30th  of  October, 
1825,  the  moon  eclipsed  Saturn.  These  phenomena, 
however,  happen  very  seldom,  because  all  the  planets, 
or  even  a  part  of  them,  are  very  rarely  seen  in  conjunc- 
tion at  once ;  that  is,  in  the  same  part  of  the  heavens 
at  the  same  time.  More  than  2500  years  before  our 
era,  the  five  great  planets  were  in  conjunction.  On  the 
15th  of  September,  1186,  a  similar  assemblage  took 
place  between  the  constellations  of  Virgo  and  Libra; 
and  in  1801,  the  Moon,  Jupiter,  Saturn,  and  Venus 
were  united  in  the  heart  of  the  Lion.  These  conjunc. 
tions  are  so  rare,  that  Lalande  has  computed  that  more 
than  seventeen  millions  of  millions  of  years  separate 
the  epochs  of  the  contemporaneous  conjunctions  of  the 
six  great  planets. 

The  motions  of  the  moon  have  now  become  of  more 
importance  to  the  navigator  and  geographer  than  those 
of  any  other  heavenly  body,  from  the  precision  with 
which  terrestrial  longitude  is  determined  by  the  occult- 
ations  of  stars  and  lunar  distances.  In  consequence  of 
the  retrograde  motion  of  the  nodes  of  the  lunar  orbit,  at 
the  rate  of  S^  10' ^'6^  daily,  these  points  make  a  tour  of 
the  heavens  in  a  little  more  than  eighteen  years  and  a 
half.  This  causes  the  moon  to  move  round  the  earth, 
in  a  kind  of  spiral,  so  that  her  disc  at  different  times 
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passes  over  every  point  in  a  zone  of  the  heavens  extend- 
ing rather  more  than  5°  9"  on  each  side  of  the  ecliptic. 
It  is  therefore  evident,  that  at  one  time  or  other,  she 
must  eclipse  every  star  and  planet  she  meets  with  in 
this  space.  Therefore  the  occultation  of  a  star  by  the 
moon  is  a  phenomenon  of  frequent  occurrence.  The 
moon  seems  to  pass  over  the  star,  which  almost  instant- 
aneously vanishes  at  one  side  of  her  disc,  and  after  a 
short  time  as  suddenly  reappears  on  the  other.  A 
lunar  distance  is  the  observed  distance  of  the  moon 
from  the  sun,  or  from  a  particular  star  or  planet,  at  any 
instant.  The  lunar  theory  is  brought  to  such  perfection, 
that  the  times  of  these  phenomena,  observed  under  any 
meridian,  when  compared  with  those  computed  for 
Greenwich  in  the  Nautical  Almanac,  give  the  longitude 
of  the  observer  within  a  few  miles. i 

From  the  lunar  theory,  the  mean  distance  of  the 
sun  from  the  earth,  and  thence  the  whole  dimensions  of 
the  solar  system,  are  known.  For  the  forces  which 
retain  the  earth  and  moon  in  their  orbits  are  respectively 
proportional  to  the  radii  vectores  of  the  earth  and 
moon,  each  being  divided  by  the  square  of  its  periodic 
time.  And  as  the  lunar  theory  gives  the  ratio  of  the 
forces,  the  ratio  of  the  distances  of  the  sun  and  moon 
from  the  earth  is  obtained.  Hence  it  appears  that  the 
sun's  mean  distance  from  the  earth  is  SQQ  or  nearly 
400  times  greater  than  that  of  the  moon.  The  method, 
of  finding  the  absolute  distances  of  the  celestial  bodies 
in  miles,  is  in  fact  the  same  with  that  employed  in 
measuring  the  distances  of  terrestrial  objects.  From  the 
extremities  of  a  known  base  2^  the  angles  which  the 
visual  rays  from  the  object  form  with  it,  are  measured  ; 
their  sum  subtracted  from  two  right  angles  gives  the 
^  Note  93.  3  Note  lis. 
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angle  opposite  the  base ;  therefore^  by  trigonometry^  all 
the  angles  and  sides  of  the  triangle  may  be  computed 
—  consequently  the  distance  of  the  object  is  found. 
The  angle  under  which  the  base  of  the  triangle  is  seen 
firom  the  object^  is  the  parallax  of  that  object.  It  evidently 
increases  and  decreases  with  the  distance.  Therefore 
the  base  must  be  very  great  indeed  to  be  visible  from 
the  celestial  bodies.  The  globe  itself^  whose  dimen- 
sions are  obtained  by  actual  admeasurement^  furnishes 
a  standard  of  measures^  with  which  we  compare  the 
distances^  masses^  densities^  and  volumes  of  the  sun 
and  planets. 
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FOUC  OF   SAKTH   ▲ND   FLANET8. FIOUKX   OF   A   HOM06EKXOWS 

SPHEROID    IN   ROTATION. FIGURE  OF  A   SPHEROID   OF  VARI- 
ABLE DENSirr. FIGURE  OF  THE   EARTH,    SUPPOSING  IT  TO  BE 

AN  ELLIPSOID  OF  RETOLUTION. MENSURATION  OF   A  DE6REK 

OF  THE  MERIDIAN. COMPRESSION   AND  SIZE  OF  THE  EARTH 

FROM  DEGRESS  OF  MERIDIAN. FIGURE  OF  EARTH  FROM  THE 

PENDULUM. 

The  theoretical  inyestigation  of  the  figure  of  the  earth 
and  planets  is  so  complicated^  that  neither  the  geometry 
of  Newton^  nor  the  refined  analyses  of  La  Place^  have 
attained  more  than  an  approximation.  It  is  only  within 
a  few  years  that  a  complete  and  finite  solution  of  that 
difficult  prohlem  has  heen  accomplished^  hy  our  distin- 
guished countryman  Mr.  Ivory.  The  inyestigation  has 
heen  conducted  hy  successive  steps^  beginning  with  a 
simple  case^  and  then  proceeding  to  the  more  difficult. 
But  in  all^  the  forces  which  occasion  the  revolutions  of 
the  earth  and  planets  are  omitted^  because^  by  acting 
equally  upon  all  the  particles^  they  do  not  disturb  their 
mutual  relations.  A  fluid  mass  of  uniform  density^ 
whose  particles  mutually  gravitate  to  each  other^  will 
assume  the  form  of  a  sphere  when  at  rest.  But  if  the 
sphere  b^ins  to  revolve,  every  particle  will  describe  a 
circle  1,  having  its  centre  in  the  axis  of  revolution. 
The  planes  of  all  these  circles  will  be  parallel  to  one 
another,  and  perpendicular  to  the  axis,  and  the  particles 
will  have  a  tendency  to  fly  from  that  axis,  in  conse. 
quence  of  the  centrifugal  force  arising  from  the  velocity 
of  rotation.  The  force  of  gravity  is  everywhere  per- 
pendicular to  the  surface  2,  and  tends  to  the  interior  of 
iNotell4.  SNotellS. 
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the  fluid  mass ;  nvhereas  the  centrifngal  force  acts  per- 
pendicularly to  the  axis  of  rotation^  and  is  directed  to 
the  exterior.  And  as  its  intensity  diminishes  with  the 
distance  from  the  axis  of  rotation^  it  decreases  from  the 
equator  to  the  poles^  where  it  ceases.  Now  it  is  dear 
that  these  two  forces  are  in  direct  opposition  to  eadi 
other  in  the  equator  alone^  and  that  gravity  is  there 
diminished  hy  the  whole  effect  of  the  centrifugal  force^ 
whereas^  in  every  other  part  of  the  fluids  the  centrifugal 
force  is  resdved  into  two  parts^  one  of  which^  heing 
perpendicular  to  the  surface^  diminishes  the  force  of 
gravity ;  hut  the  other^  heing  at  a  tangent  to  the  siir. 
face^  urges  the  particles  towards  the  equator^  where 
they  accumulate  tiU  their  numhers  compensate  the 
diminution  of  gravity^  which  makes  the  mass  hulge  at 
the  equator^  and  become  flattened  at  the  poles.  It 
appears,  then,  that  the  influence  of  the  centrifugal  force 
is  most  powerful  at  the  equator,  not  only  because  it  is 
actually  greater  there  than  elsewhere,  but  because  its 
whole  effect  is  employed  in  diminishing  gravity^ 
whereas,  in  every  other  point  of  the  fluid  mass,  it  is 
only  a  resolved  part  that  is  so  employed.  For  both 
these  reasons^  it  gradually  decreases  towards  the  poles, 
where  it  ceases.  On  the  contrary,  gravity  is  least  at  the 
equator,  because  the  particles  are  farther  from  the 
centre  of  the  mass,  and  increases  towards  the  poles^ 
where  it  is  greatest  It  is  evident,  therefore,  that,  as 
the  centrifugal  force  is  much  less  than  the  force  of 
gravity,  —  gravitaticm,  which  is  the  difference  between 
the  two,  is  least  at  the  equator,  and  continually  increases 
towards  the  poles,  where  it  is  a  maximum.  On  these 
principles  Sir  Isaac  Newton  proved^  that  a  homogeneous 
fluid  ^  mass  in  rotation^  assumes  the  form  of  an  ellipsoid 
1  Note  il& 
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of  revolution  i^  whose  compression  is  -j^.  Such^ 
however^  cannot  be  the  form  of  the  earthy  because  the 
strata  increase  in  density  towards  the  centre.  The 
lunar  inequahties  also  prove  the  earth  to  be  so  con- 
structed; it  was  requisite^  therefore^  to  consider  the 
fluid  mass  to  be  of  variable  density.  Including  this 
condition^  it  has  been  found  that  the  mass^  when  in 
rotation^  would  still  assume  the  form  of  an  ellipsoid  of 
revolution ;  that  the  particles  of  equal  density  would 
arrange  themselves  in  concentric  elliptical  strata  ^,  the 
most  dense  being  in  the  centre ;  but  that  the  compres- 
sion or  flattening  would  be  less  than  in  the  case  of  the 
homogeneous  fluid.  The  compression  is  still  less  when 
the  mass  is  considered  to  be^  as  it  actually  is^  a  solid 
nucleus^  decreasing  regularly  in  density  from  the  centre 
to  the  surface^  and  partially  covered  by  the  ocean^  be- 
cause the  solid  parts^  by  their  cohesion^  nearly  destroy 
that  part  of  the  centrifugal  force  which  gives  the  par- 
ticles a  tendency  to  accumulate  at  the  equator^  though 
not  altogether:  otherwise  the  sea^  by  the  superior 
mobility  of  its  particles^  would  flow  towards  the  equator 
and  leave  the  poles  dry.  Besides^  it  is  well  known 
that  the  continents  at  the  equator^  are  more  elevated 
than  they  are  in  higher  latitudes.  It  is  also  necessary 
for  the  equilibrium  of  the  ocean^  that  its  density  should 
be  less  than  the  mean  density  of  the  earthy  otherwise 
the  continents  would  be  perpetually  liable  to  inundations 
from  storms  and  other  causes.  On  the  whole^  it  ap- 
pears^ from  theory^  that  a  horizontal  line  passing  round 
the  earthy  through  both  poles^  must  be  nearly  an  ellipse^ 
having  its  major  axis  in  the  plane  of  the  equator^  and 
its  minor  axis  coincident  with  the  axis  of  the  earth's 
rotation.3      It  is  easy  to  show^  in  a  spheroid  whose 

»  Note  117.  •  *  Note  118.  «  Note  119. 
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Strata  are  elliptical^  that  the  increase  in  the  length 
of  the  radii  ^,  the  decrease  of  gravitation^  and  the 
increase  in  the  lengths  of  the  arcs  of  the  meridian, 
corresponding  to  angles  of  one  degree^  from  the  poles 
to  the  equator^  are  all  proportional  to  the  square  of  the 
cosine  of  the  latitude.^  These  quantities  are  so  con- 
jiected  with  the  ellipticity  of  the  spheroid^  that  the  total 
increase  in  the  length  of  the  radii  is  equal  to  the  com- 
pression or  flattening^  and  the  total  diminution  in  the 
length  of  the  arcs  is  equal  to  the  compression^  multiplied 
by  three  times  the  length  of  an  arc  of  one  degree  at  the 
equator.  Hence^  hy  measuring  the  meridian  curvature 
of  the  eBith,  the  compression^  and  consequently  its 
figure^  become  known*  This^  indeed^  is  assuming  the 
earth  to  be  an  ellipsoid  of  revolution^  but  the  actual 
measurement  of  the  globe  will  show  how  far  it  corre- 
sponds with  diat  solid  in  figure  and  constitution. 

The  courses  of  the  great  rivers^  which  are  in  general 
navigable  to  a  considerable  extent^  prove  that  the  curv- 
ature of  the  land  differs  but  little  from  tliat  of  the 
ocean  ;  and  as  the  heights  of  the  mountains  and  con- 
tinents are  inconsiderable  when  compared  with  the 
magnitude  of  the  earthy  its  figure  is  understood  to  be 
determined  by  a  surface  at  every  point  perpendicular  to 
the  direction  of  gravitation^  or  of  the  plumb-line^  and 
is  the  same  which  the  sea  would  have,  if  it  were  con- 
tinued all  round  the  earth  beneath  the  continents. 
Such  is  the  figiure  that  has  been  measured  in  the  follow- 
ing manner :  — 

A  terrestrial  meridian  is  a  line  passing  through  both 
poles,  all  the  points  of  which  have  their  noon  contem- 
poraneously. Were  the  lengths  and  curvatures  of  dif- 
ferent meridians  known,  the  figure  of  the  earth  might 
I  Note  ISO.  *  Note  121. 
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be  determined.  But  the  length  of  one  d^ree  is  suffi- 
cient to  give  the  figure  of  the  eai;th;  if  it  be  measured 
on  diflPerent  meridians^  and  in  a  variety  of  latitudes. 
For  if  the  earth  were  a  sphere^  all  degrees  would  be  of 
the  same  lengthy  but  if  not^  the  lengths  of  the  degrees 
will  be  greater^  exactly  in  proportion  as  the  curvature  is 
less.  A  comparison  of  the  lengths  of  a  degree  in  dif- 
ferent parts  of  the  earth's  surface^  will  therefore  deter- 
mine its  size  and  form. 

An  arc  of  the  meridian  may  be  measured^  by  observ. 
ing  the  latitude  of  its  extreme  points  i,  and  then  mea- 
suring the  distance  between  them  in  feet  or  fathoms. 
The  distance  thus  determined  on  the  surface  of  the 
earthy  divided  by  the  degrees  and  parts  of  a  degree  con-^ 
tained  in  the  diflPerence  of  the  latitudes^  will  give  the 
exact  length  of  one  degree,  the  diflPerence  of  the  latitudes 
being  the  angle  contained  between  the  verticals  at  the 
extremities  of  the  arc.  This  would  be  easily  accom- 
plished were  the  distance  unobstructed,  and  on  a  level 
with  the  sea.  But,  on  account  of  the  innumerable  ob- 
stacles on  the  surface  of  the  earthy  it  is  necessary  to 
connect  the  extreme  points  of  the  arc  by  a  series  of  tri- 
angles ^y  the  sides  and  angles  of  which  are  either  mea- 
sured or  computed,  so  that  the  length  of  tiie  arc  is 
ascertained  with  much  laborious  computation.  In  con- 
sequence of  the  irregularities  of  the  surface,  each  tri- 
angle is  in  a  diflPerent  plane.  They  must  therefore  be 
reduced  by  computation,  to  what  they  would  have  been 
had  they  been  measured  on  the  surface  of  the  sea. 
And  as  the  earth  may  in  this  case  be  esteemed  spherical^ 
they  require  a  correction  to  reduce  them  to  spherical 
triangles.  The  gentiemen  who  conduct  the  trigono- 
metrical survey,  in  measuring  500  feet  of  a  base  in  Ire- 
>Noteli^  s  Note  183. 
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land  twice  OTer^  found  that  the  difibrence  in  the  two 
measurements  did  not  amount  to  the  800th  part  of  an 
inch.  Such  is  the  accuracy  with  which  these  operations 
are  conducted^  and  which  they  require. 

Arcs  of  the  meridian  have  heen  measured  in  a  variety 
of  latitudes  north  and  souths  as  well  as  arcs  perpendicu- 
lar to  the  meridian.  From  these  measurements  it  ap- 
pears^ that  the  lengths  of  the  degrees  increase  from  the 
equator  to  the  poles^  nearly  in  proportion  to  the  square 
of  the  sine  of  the  latitude.  ^  Consequently^  the  convexity 
of  the  earth  diminishes  from  the  equator  to  the  poles. 

Were  the  earth  an  ellipsoid  of  revolution^  the  meri- 
dians would  he  ellipses  whose  lesser  axes  would  coincide 
with  the  axis  of  rotation^  and  all  the  degrees  measured 
between  the  pole  and  the  equator  would  give  the  same, 
compression  when  combined  two  and  two.  That,  how- 
ever, is  far  from  being  the  case.  Scarcely  any  of  the 
measurements  give  exactly  the  same  results,  chiefly  on 
account  of  local  attractions,  which  cause  the  phunb-line 
to  deviate  from  the  vertical.  The  vicinity  of  mountains 
has  that  effect.  But  one  of  the  most  remarkable, 
though  not  imprecedented  anomalies,  takes  place  in  the 
plains  in  the  north  of  Italy,  where  the  action  of  some 
dense  subterraneous  matter,  causes  the  plumb-line  to 
deviate  seven  or  eight  times,  more  than  it  did  from  the 
attraction  of  Chimborazo  during  the  experiments  of 
Bouguer,  while  measuring  a  degree  of  the  meridian  at 
the  equator.  In  consequence  of  this  local  attraction, 
the  d^rees  of  the  meridian  in  that  part  of  Italy,  seem 
to  increase  towards  the  equator  through  a  small  space, 
instead  of  decreasing,  as  if  the  earth  was  drawn  out  at 
the  poles,  instead  of  being  flattened. 

Many  other  discrepances  occur,  but  from  the  mean 

1  Note  1S4. 
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of  the  five  principal  measurements  of  arcs  in  Peru^ 
India^  France^  England^  and  Lapland,  Mr.  Ivory  has 
deduced  that  the  figure  which  most  nearly  follows  this 
law  is  an  ellipsoid  of  revolution  whose  equatorial  radius 
is  3962*824  miles,  and  the  polar  radius  3949*585 
miles.  The  diflference,  or  13 -239  miles,  divided  hy 
the  equatorial  radius,  is  ^^^  nearly.  This  fraction  is 
called  the  compression  of  the  earth,  hecause,  according 
as  it  is  greater  or  less,  the  terrestrial  ellipsoid  is  more 
or  less  flattened  at  the  poles.  It  does  not  diflPer  much 
from  that  given  hy  the  lunar  inequalities.  If  we  as- 
sume the  earth  to  he  a  sphere,  the  length  of  a  degree  of 
the  meridian  is  69^  British  miles.  Therefore,  360 
degrees,  or  the  whole  circumference  of  the  glohe,  is 
24,856  miles,  and  the  diameter,  which  is  something  less 
than  a  third  of  the  circumference,  is  ahout  7912  or 
8000  miles  nearly.  Eratosthenes,  who  died  1 94  years 
before  the  Christian  era,  was  the  first  to  give  an  ap- 
proximate value  of  the  earth's  circumference,  by  the 
measurement  of  an  arc  between  Alexandria  and  Syene. 
There  is  another  method  of  finding  the  figure  of  the 
earth,  totally  different  from  the  preceding,  and  only 
depending  upon  the  increase  of  gravitation  from  the 
equator  to  the  pole.  The  force  of  gravitation  at  any 
place,  is  measured  by  the  descent  of  a  heavy  body  during 
the  first  second  of  its  fall.  And  the  intensity  of  the 
centrifugal  force,  is  measured  by  the  deflection  of  any 
point  from  the  tangent  in  a  second.  For,  since  the 
centrifugal  force  balances  the  attraction  of  the  earth,  it 
is  an  exact  measure  of  the  gravitating  force.  Were  the 
attraction  to  cease,  a  body  on  the  surface  of  the  earth 
would  fly  off  in  the  tangent  by  the  centrifugal  force^ 
instead  of  bending  round  in  the  circle  of  rotation. 
Therefore,  the  deflection  of  the  circle  from  the  tangent 
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during  any  given  time^  such  as  a  second^  measures  the ' 
intensity  of  the  earth's  attraction^  and  is  equal  to  the 
versed  sine  of  the  arc  descrihed  during  that  time^  a 
quantity  easily  determined  from  the  known  velocity  of 
the  earth's  rotation.  Whence  it  has  heen  founds  that 
at  the  equator  the  centrifugal  force  is  equal  to  the  289th 
part  of  gravity.  Now,  it  is  proved  by  analysis,  that 
,  whatever  the  constitution  of  the  earth  and  planets  may 
he,  if  the  intensity  of  gravitation  at  the  equator  be  taken 
equal  to  unity,  the  sum  of  the  compression  of  the  ellip- 
soid, and  the  whole  increase  of  gravitation  from  the 
equator  to  the  pole,  is  equal  to  five  halves  of  the  ratio 
of  the  centrifugal  force  to  gravitation  at  the  equator. 
This  quantity  with  regard  to  the  earth  is  ^  of  ^-g,  or 
-YT^'S  •  Consequently,  the  compression  of  the  earth  is 
equal  to  xTT-"3"  dinaiJiished  by  the  whole  increase  of 
gravitation.  So  that  its  form  will  be  known,  if  the 
whole  increase  of  gravitation  from  the  equator  to  the 
pole,  can  be  determined  by  experiment.  This  has  been 
accomplished  by  a  method  founded  upon  the  following 
considerations: — If  the  earth  were  a  homogeneous 
sphere  without  rotation,  its  attraction  on  bodies  at  its 
surface  would  be  everywhere  the  same.  If  it  be  ellip- 
tical and  of  variable  density,  the  force  of  gravity,  theo- 
retically, ought  to  increase  from  the  equator  to  the  pole, 
as  unity  plus  a  constant  quantity  multiplied  into  the 
square  of  the  sine  of  the  latitude.  ^  But  for  a  spheroid 
in  rotation,  the  centrifugal  force  varies,  by  the  laws  of 
mechanics,  as  the  square  of  the  sine  of  the  latitude,  from 
the  equator,  where  it  is  greatest,  to  the  pole,  where  it 
vanishes.  And  as  it  tends  to  make  bodies  fly  off  the 
surface,  it  diminishes  tiie  force  of  gravity  by  a  small 
quantity.  Hence,  by  gravitation,  which  is  the  differ-^ 
1  Note  124. 
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ence  of  these  two  forces^  the  fall  of  bodies  ought  to  be 
accelerated  from  the  equator  to  the  poles^  proportion- 
ably  to  the  square  of  the  sine  of  the  latitude ;  and  the 
weight  of  the  same  body  ought  to  increase  in  that 
ratio.  This  is  directly  proved  by  the  oscillations  of 
the  pendulum^^  which^  in  fact^  is  a  falling  body ;  for 
if  the  fall  of  bodies  be  accelerated^  the  oscillations 
will  be  more  rapid :  in  order^  therefore^  that  they  may 
always  be  performed  in  the  same  time^  the  length 
of  the  pendulum  must  be  altered.  By  numerous  and 
careful  experiments^  it  is  proved  that  a  pendulum  which 
oscillates  86^400  times  in  a  mean  day  at  the  equator^ 
will  do  the  same  at  every  point  of  the  earth's  surface^ 
if  its  length  be  increased  progressively  to  the  pole^  as 
the  square  of  the  sine  of  the  latitude. 

From  the  mean  of  these  it  appears  that  the  whole 
decrease  of  gravitation  from  the  poles  to  the  equator  is 
0'0051449,  which,  subtracted  from  itV-^,  shows  that 
the  compression  of  the  terrestrial  spheroid  is  about 
T^'T5'  ^^^  value  has  been  deduced  by  Mr.  Baily, 
President  of  the  Astronomical  Society,  who  has  devoted 
much  attention  to  this  subject ;  at  the  same  time,  it  may 
be  observed,  that  no  two  sets  of  pendulum  experiments 
give  the  same  result,  probably  from  local  attractions* 
Therefore,  the  question  cannot  be  considered  as  defi- 
nitively settled,  though  the  differences  are  very  small. 
The  compression  obtained  by  this  method  does  not  dif- 
fer much  from  that  given  by  the  lunar  inequalities,  nor 
from  the  arcs  in  the  direction  of  the  meridian,  and 
those  perpendicular  to  it.  The  near  coincidence  of 
these  three  values,  deduced  by  methods  so  entirely  in« 
dependent  of  each  other,  shows  that  the  mutual  tend- 
encies of  the  centres  of  the  celestial  bodies  to  one 
1  NotelSSL 
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8nother^  and  the  attraction  of  the  earth  for  bodies  at  its 
surface^  result  from  the  reciprocal  attraction  of  all  their 
particles.  Another  proof  may  be  added.  The  nutation 
of  the  earth's  axis^  and  the  precession  of  the  equinoxes^, 
are  occasioned  by  the  action  of  the  mm  and  moon  on  the 
protuberant  matter  at  the  earth's  equator.  And  al- 
though these  inequalities  do  not  giro  the  absolute  value 
of  the  terrestrial  compression^  they  show  that  the  frac- 
tion expressing  it  is  comprised  between  the  limits  -^^^ 

It  might  be  expected  that  the  same  compression 
should  result  from  each^  if  the  different  methods  of 
obseryation  could  be  made  without  error.  This^  how- 
ever^ is  not  the  case;  for^  after  allowance  has  been 
made  for  every  cause  of  error^  such  discrepances  are 
founds  both  in  the  degrees  of  the  meridian  and  in  the 
length  of  the  pendulum^  as  fibom  that  the  figure  of  the 
earth  is  very  complicated.  But  they  are  so  small^  whoi 
compared  with  the  general  results^  that  they  may  be 
disr^arded.  The  compression  deduced  from  the  mean 
of  the  whole  appears  not  to  differ  much  from  -^^ ;  that 
given  by  the  lunar  thearj  has  tibe  advantage^  of  being 
independent  of  the  irregularities  of  the  earth's  surface 
and  of  local  attractions.  The  regularity  with  whidi  tlie 
observed  variation  in  the  length  of  the  pendulum^  follows 
the  law  of  the  square  of  the  sine  of  the  latitude^  proves 
the  strata  to  be  elliptical^  and  symmetrically  disposed 
round  the  centre  of  gravity  of  the  earthy  which  affords 
a  strong  presumption  in  favour  of  its  original  fluidity. 
It  is  remarkable  how  little  influence  the  sea  has^  on  the 
variation  of  the  lengths  of  the  arcs  of  the  meridian  or 
on  gravitation;  neither  does  it  much  affect  the  hmar 
inequidities^  from  its  density  being  only  about  a  fifth  of 


1  Note  141. 
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the  mean  density  of  the  earth.  For^  if  the  earth  were 
to  hecome  fluid  after  heing  stripped  of  the  ocean^  it 
would  assume  the  form  of  an  ellipsoid  of  revolution 
whose  compression  is  -jj^^-^.^y  which  differs  very  little 
from  that  determined  hy  observation,  and  proves^  not 
only  that  the  density  of  the  ocean  is  inconsiderable^  but 
that  its  mean  depth  is  very  small.  There  may  be  pro- 
foimd  cavities  in  the  bottom  of  the  sea^  but  its  mean 
depth  probably  does  not  much  exceed  the  mean  height 
of  the  continents  and  islands  above  its  level.  On  this 
account^  immense  tracts  of  land  may  be  deserted  or 
overwhelmed  by  the  ocean^  as  appears  really  to  have 
been  the  case^  without  any  great  change  in  the  form  of 
the  terrestrial  spheroid.  The  variation  in  the  length  of 
the  pendulum  was  first  remarked  by  Bichter  in  l672, 
while  observing  transits  of  the  fixed  stars  across  the 
meridian  at  Cayenne,  about  five  degrees  north  of  the 
equator.  He  found  that  his  clock  lost  at  the  rate  of 
2™  288  daily,  which  induced  him  to  determine  the 
length  of  a  pendulum  beating  seconds  in  that  latitude ; 
and  repeating  the  experiments  on  his  return  to  Europe, 
he  found  the  seconds  pendulum  at  Paris,  to  be  more 
than  the  twelfth  of  an  inch  longer  than  that  at  Cayenne. 
The  form  and  size  of  the  earth  being  determined,  it 
furnishes  a  standard  of  measure  with  which  the  dimen. 
sions  of  the  solar  system  may  be  compared. 
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SECTION  VII. 

PARALLAX. LUNAR   PARALLAX    FOUND    FROK   DIRECT   OBSXRT- 

ATION. SOLAR   PARALLAX    DXDUCED  .FROM  THE   TRANSIT  OF 

VENUS. DISTANCE  OF  THE  SUN  FROM  THE  EARTH.  ANNUAL 

PARALLAX. DISTANCE  OF  THE  FIXED  STARS. 

The  parallax  of  a  celestial  body  is  the  angle  under 
which  the  radius  of  the  earth  would  be  seen^  if  viewed 
from  the  centre  of  that  body  ;  it  affords  the  means  of 
ascertaining  the  distances  of  the  sun^  moon^  and  planets.^ 
When  the  moon  is  in  the  horizon  at  the  instant  of  rising 
or  settings  suppose  lines  to  be  drawn  firom  her  centre  to 
the  spectator  and  to  the  centre  of  the  earth ;  these  would 
form  a  right-angled  triangle  with  the  terrestrial  radius^ 
which  is  of  a  known  length;  and  as  the  parallax  or 
angle  at  the  moon  can  be  measured^  all  the  angles  and 
one  side  are  given ;  whence  the  distance  of  the  moon 
from  the  centre  of  the  earth  may  be  computed.  The 
parallax  of  an  object  may  be  founds  if  two  observers 
under  the  same  meridian^  but  at  a  very  great  distance 
from  one  another^  observe  its  zenith  distances  on  the 
Bame  day  at  the  time  of  its  passage  over  the  meridian. 
By  such  contemporaneous  observations  at  the  Cape  of 
Good  Hope  and  at  Berlin^  the  mean  horizontal  parallax 
of  the  moon  was  found  to  be  34S59'',  whence  the  mean 
distance  of  the  moon  is  about  sixty  times  the  mean 
terrestrial  radius,  or  237,S60  miles  nearly.  Since  the 
parallax  is  equal  to  the  radius  of  the  earth  divided  by 
the  distance  of  the  moon,  it  varies  with  the  distance  of 
the  moon  from  the  earth  imder  the  same  parallel  of 
latitude^  and  proves  the  ellipticity  of  the  lunar  orbit. 

>  Note  126. 
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When  the  moon  is  at  her  mean  distance^  it  varies  with 
the  terrestrial  radii^  thus  showing  that  the  earth  is  not  a 
sphere.  ^ 

Although  the  method  described  is  sufficiently  accurate 
for  finding  the  parallax  of  an  object  so  near  as  the  moon, 
it  will  not  answer  for  the  sun,  which  is  so  remote  that 
the  smallest  error  in  observation  would  lead  to  a  false 
result.  But  that  difficulty  is  obviated  by  the  transits  of 
Venus.  When  that  planet  is  in  her  nodes  2,  or  within 
1^^  of  them^  that  is^  in^  or  nearly  in^  the  plane  of  the 
ediptic,  she  is  occasionally  seen  to  pass  over  the  sun  like 
a  black  spot.  If  we  could  imagine  that  the  sun  and 
Venus  had  no  parallax^  the  line  described  by  the  planet 
on  his  disc  and  the  duration  of  the  transit  would  be  the 
same  to  all  the  inhabitants  of  the  earth.  But  as  the 
semi- diameter  of  the  earth  has  a  sensible  magnitude 
when  viewed  from  the  centre  of  the  sun^  the  line  de- 
scribed by  the  planet  in  its  passage  over  his  disc  appears 
to  be  nearer  to  his  centre^  or  farther  from  it^  according 
to  the  position  of  the  observer  ;  so  that  the  duration  of 
the  transit  varies  with  the  different  points  of  the  earth's 
surface  at  which  it  is  observed.^  This  difi^ence  of 
time^  being  entirely  the  efifect  of  parallax^  furnishes  the 
means  of  computing  it  from  the  known  motions  of  the 
earth  and  Venns^  by  the  same  method  as  for  the  eclipses 
of  the  Sim.  In  fact^  the  ratio  of  the  distances  of  Venus 
and  the  sun  from  the  earth  at  the  time  of  the  transit  are 
known  from  the  theory  of  their  elliptical  motion.  Con- 
iBequently  the  ratio  of  the  parallaxes  of  these  two  bodies^ 
being  inversely  as  their  distances^  is  given ;  and  as  the 
transit  gives  the  difference  of  the  paraUaxes^  that  of  the 
sun  is  obtained.  In  17 69,  the  parallax  of  the  sun  was 
determined  by  observations  of  a  transit  of  Venus  made 
>KotelS7.  SNotell^  >  KotelSSl 
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at  Wardhos  in  Lapland^  and  at  Otaheite  in  the  South 
Sea.  The  latter  observation  was  the  object  of  Cook's 
first  voyage.  The  transit  lasted  about  six  hours  at 
Otaheite^  and  the  difierenoe  in  duration  at  these  two 
stations  was  eight  minutes ;  whence  the  sun's  horizontal 
parallax  was  found  to  be  8**72.  But  by  other  con- 
siderations it  has  been  reduced  to  8'*5776;  from  which 
the  mean  distance  of  the  sun  appears  to  be  about 
95,070,500  miles^  or  ninety-five  millions  of  miles 
neariy.  This  is  confirmed  by  an  inequality  in  the 
motion  of  the  moon^  which  depends  upon  the  parallax 
of  the  sun^  and  which^  when  compared  with  observation^ 
gives  8  "6  for  the  sun's  parallax. 

The  parallax  of  Venus  is  determined  by  her  transits^ 
that  of  Mars  by  direct  observation^  and  it  is  found  to 
be  nearly  double  that  of  the  sun^  when  the  planet  is  in 
opposition.  The  distances  of  these  two  planets  from 
the  earth  are  therefore  known  in  terrestrial  radii,  con- 
sequently their  mean  distances  from  the  sun  may  be  com. 
puted ;  and  as  the  ratios  of  the  distances  of  the  planets 
£rom  the  sun,  are  known  by  Kepler's  law  of  the  squares 
of  the  periodic  times  of  any  two  planets  being  as  the  cubes 
of  their  mean  distances  from  the  sun,  their  absolute 
distances  in  miles  are  easily  found.  ^  This  law  is  v^ 
remarkable,  in  thus  uniting  all  the  bodies  of  the  system, 
and  extends  to  die  satellites  as  well  as  the  planets. 

Far  as  the  earth  seems  to  be  from  the  sun,  Uranus  Is  no 
less  than  nineteen  times  farther.  I^tuate  on  the  verge  of 
the  system,  the  sun  must  appear  to  it  not  much  larger 
than  Venus  does  to  us.  The  earth  cannot  even  be  visible 
as  a  telescofno  object  to  a  body  so  remote.  Yet  man, 
the  inhabitmt  o£  the  eaarth,  soars  beyond  the  vast  di. 
mensions  of  the  system  to  which  his  planet  belongs,  and 

>  Note  130. 
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assumes  the  diameter  of  its  orbit  as  the  base  of  a  tri-* 
angle^  whose  apex  extends  to  the  stars. 

Sublime  as  the  idea  is,  this  assumption  proves  in- 
effectual^ for  the  apparent  places  of  the  fixed  stars  are 
not  sensibly  changed  by  the  earth's  annual  revolution. 
With  the  aid  derived  from  the  refinements  of  modem 
astronomy^  and  of  the  most  perfect  instruments^  it  is 
still  a  matter  of  doubt^  whether  a  sensible  parallax  has 
been  detected  even  in  the  nearest  of  these  remote  suns. 
If  a  fixed  star  had  the  parallax  of  one  second^  it  would 
be  215,7 S9  times  farther  from  the  sun  than  the  earth 
is.  At  such  a  distance  not  only  the  terrestrial  orbit 
shrinks  to  a  pointy  but  the  whole  solar  system  seen  in 
the  focus  of  the  most  powerful  telescope,  might  be 
covered  by  the  thickness  of  a  spider's  thread.  Light 
flying  at  the  rate  of  200,000  miles  in  a  second,  would 
take  three  years  and  seven  days  to  travel  over  that  space. 
One  of  the  nearest  stars  may  therefore  have  been  kindled 
or  extinguished  more  than  three  years^  before  we  could 
have  been  aware  of  so  mighty  an  event.  But  this  dis- 
tance must  be  small,  when  compared  with  that  of  the 
most  remote  of  the  bodies  which  are  visible  in  the 
heavens.  The  fixed  stars  are  undoubtedly  luminous 
like  the  sun ;  it  is  therefore  probable  that  they  are  not 
nearer  to  one  another  than  the  sun  is  to  the  nearest  of 
them.  In  the  milky  way  and  the  other  starry  nebuls^ 
some  of  the  stars  that  seem  to  us  to  be  close  to  others, 
may  be  far  behind  them  in  the  boundless  depth  of  space; 
nay,  may  be  rationally  supposed  to  be  situate  many 
thousand  times  farther  off.  Light  would  therefore  re- 
quire thousands  of  years  to  come  to  the  earth  ftovk 
those  myriads  of  suns,  of  which  our  own  is  but  ''  the 
dim  and  remote  companion." 
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SECTION  VIII. 

IfASSKS  OF  PLANETS  THAT  HAVE  NO  SATELLITES  DETERMINED 
FROM  THEIR  PERTURBATIONS. MASSES  OF  THE  OTHERS  OB- 
TAINED FROM  THE    MOTIONS  OF    THEIR  SATELLITES. MASSES 

OF  THE  SUN,  THE  EARTH,  OF  JUPITER,  AND  OF  THE  JOVIAL 
SYSTEM. MASS  OF  THE  MOON.  — -  REAL  DIAMETERS  OF  PLA- 
NETS,   HOW    OBTAINED. SIZE    OF    SUN. DENSITIES    OF   THE 

HEAVENLY  BODIES.  FORMATION    OF  ASTRONOMICAL  TABLES. 

—REQUISITE  DATA  AND  MEANS  OF  OBTAINING  THEM. 

The  masses  of  such  planets  as  have  no  satellites,  are 
known  by  comparing  the  inequalities  they  produce  in 
the  motions  of  the  earth  and  of  each  other^  determined 
theoretically^  with  the  same  inequalities  given  by  ob- 
servation ;  for  the  disturbing  cause  must  necessarily  be 
proportional  to  the  effect  it  produces.  The  masses  of 
the  satellites  themselves  may  also  be  compared  with  that 
of  the  sun  by  their  perturbations.  Thus^  it  is  found, 
from  the  comparison  of  a  vast  number  of  observations, 
with  La  Place's  theory  of  Jupiter's  satellites,  that  the 
mass  of  the  sun  is  no  less  than  65,000,000  times  greater 
than  the  least  of  these  moons.  But  as  the  quantities  of 
matter  in  any  two  primary  planets,  are  directly  as  the 
cubes  of  the  mean  distances  at  which  their  satellites 
revolve,  and  inversely  as  the  squares  of  their  periodic 
times  1,  the  mass  of  the  sun  and  of  any  planets  which 
have  satellites,  may  be  compared  with  the  mass  of  the 
earth.  In  this  manner  it  is  computed  that  the  mass  of 
the  sun  is  354!,()S6  times  that  of  the  earth ;  whence  the 
great  perturbations  of  the  moon,  and  the  rapid  motion 
of  the  perigee  and  nodes  of  her  orbit.  Even  Jupiter^ 
the  largest  of  the  planets,  has  recently  been  found  by 

1  Note  131. 
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Professor  Airy  to  be  1048-69  timies  less  than  the  sun  ; 
and,  indeed^  the  mass  of  the  whole  Jovial  System  is  not 
more  than  the  1047'7th  part  of  that  of  the  sun.  So  that 
the  mass  of  the  satellites  bears  a  very  small  proportion  to 
that  of  their  primary.  The  mass  of  the  moon  is  deter- 
mined from  several  sources^ — from  her  action  on  the 
terrestrial  equator,  which  occasions  the  nutation  in  the 
axis  of  rotation ;  from  her  horizontal  parallax,  from  an 
inequality  she  produces  in  die  sun's  longitude^  and  from 
her  action  on  the  tides.  The  three  first  quantities^ 
computed  from  theory  and  compared  with  their  observed 
values^  give  her  mass  respectively  equal  to  the  -^^ 
•y|.^,  and  ^-^.^  part  of  that  of  the  earth,  which  do  not 
differ  much  from  each  other.  Dr.  Brinkley,  Bishop  of 
Cloyne,  has  found  it  to  be  -^^  from  the  constant  of  lunar 
nutation;  but  from  the  moon's  action  in  raising  the 
tides,  her  mass  appears  to  be  about  the  seventy-fifth 
part  of  that  of  the  earth,  a  value  that  cannot  differ  much 
from  the  truth. 

The  apparent  diameters  of  the  sun^  moon,  and  planets 
are  determined  by  measurement ;  therefore  their  real 
diameters  may  be  compared  with  that  of  the  earth ;  for 
the  real  diameter  of  a  planet^  is  to  the  real  diameter  of 
the  earth,  or  79 1^  miles,  as  the  apparent  diameter  of 
the  planet  to  the  apparent  diameter  of  the  earth  as 
seen  from  the  planet^  that  is,  to  twice  the  parallax 
of  the  planet.  The  mean  apparent  diameter  of  the 
sun  is  1922''*8,and  with  the  solar  parallax  8'''5776,it 
will  be  found  that  the  diameter  of  the  sun  is  about 
886,800  miles.  Therefore  if  the  centre  of  the  sun 
were  to  coincide  with  the  centre  of  the  earthy  his 
volume  would  not  only  include  the  orbit  of  the  moon^ 
but  would  extend  nearly  as  far  again;  for  the  moon's 
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mean  distance  from  the  earth  is  about  sixty  timet  the 
earth's  mean  radius^  or  237,S60  miles :  so  that  twice 
the  distance  of  the  moon  is  474^7^0  miles^  which  differs 
but  little  from  the  solar  radius ;  his  equatorial  radius  is 
probably  not  much  less  than  the  major  axis  of  the 
lunar  orbit.  The  diameter  of  the  moon  is  only  2l60 
miles ;  and  Jupiter's  diameter  of  87)000  miles  is  very 
much  less  than  that  of  the  sun ;  the  diameter  of  Pallas 
does  not  much  exceed  79  miles^  so  that  an  inhabitant 
of  that  planet^  in  one  of  our  steam  carriages^  might  go 
round  his  world  in  a  few  hours. 

The  densities  of  bodies  are  proportional  to  their  masses, 
divided  by  their  volumes.  Hence^  if  the  sun  and 
planets  be  assumed  to  be  spheres,  their  volumes  will  be 
as  the  cubes  of  their  diameters.  Now,  the  apparent 
diameters  of  the  sun  and  earth,  at  their  mean  distance, 
are  1922'' -8  and  17''-1552,  and  the  mass  of  the  earth 
is  the  354,936th  part  of  that  of  the  sun  taken  as  the 
unit.  It  follows,  therefore,  that  the  earth  is  nearly  four 
times  as  dense  as  the  sun.  But  the  sun  is  so  large, 
that  his  attractive  force  would  cause  bodies  to  fall 
through  about  334!'65  feet  in  a  second.  Consequently, 
if  he  were  habitable  by  human  beings,  they  would  be 
unable  to  move,  since  their  weight  would  be  thirty 
times  as  great  as  it  is  here.  A  man  of  moderate  size 
would  weigh  about  two  tons  at  the  surface  of  the  sun ; 
whereas,  at  the  surface  of  the  four  new  planets,  he 
would  be  so  light,  that  it  would  be  impossible  to  stand 
steady,  since  he  would  only  weigh  a  few  pounds.  All  the 
planets  and  statellites  appear  to  be  of  less  density  than 
the  earth.  The  motions  of  Jupiter's  satellites  show 
that  his  density  increases  towards  his  centre.  Were 
his  mass  homogeneous,  his  equatorial  and  polar  axes 
would  be  in  the  rati6  of  41  to  36,  whereas  they  are 
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observed  to  be  only  as  41  to  38.  The  singular  irregu- 
larities in  the  form  of  Saturn^  and  the  great  compres- 
sion of  Mars,  prove  the  internal  structure  of  these  two 
planets  to  be  very  far  from  uniform. 

Before  entering  on  the  theory  of  rotation,  it  may  not 
be  thought  foreign  to  the  subject,  to  give  some  idea  of 
the  methods  of  computing  the  places  of  the  planets,  and 
of  forming  astronomical  tables.  Astronomy  is  now  di- 
vided into  the  three  distinct  departments,  of  theory, 
observation,  and  computation.  Since  the  problem  of 
the  three  bodies  can  only  be  solved  by  approximation, 
the  analytical  astronomer  determines  the  position  of 
a  planet  in  space,  by  a  series  of  corrections.  Its  place 
in  its  circular  orbit  is  first  found,  then  the  addition  or 
subtraction  of  the  equation  of  the  centre  to  or  from  its 
mean  place,  gives  its  position  in  the  ellipse.  This 
again  is  corrected  by  the  application  of  the  principal 
periodic  inequalities.  But  as  these  are  determined 
for  some  particular  position  of  the  three  bodies,  they 
require  to  be*  corrected  to  suit  other  relative  positions. 
This  process  is  continued  till  the  corrections  become 
less  than  the  errors  of  observation,  when  it  is  obviously 
unnecessary  to  carry  the  approximation  further.  The 
true  latitude  and  distance  of  the  planet  from  the  sun 
are  obtained,  by  methods  similar  to  those  employed  for 
the  longitude. 

Since  the  earth  revolves  equably  about  its  axis  in  24 
hours,  at  the  rate  of  15°  in  an  hour,  time  becomes  a 
measure  of  angular  motion,  and  the  principal  element 
in  astronomy,  where  the  object  is  to  determine  the  exact 
state  of  the  heavens,  and  the  successive  changes  it  im« 
dergoes  in  all  ages,  past,  present,  and  to  come.  Now 
the  longitude,  latitude,  and  distance  of  a  planet  from 
the  sun,  are  given  in  terms. of  the  time,  by  general 
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analytical  fonnule.  These  formuls  will  consequently 
give  the  exact  place  of  the  body  in  the  heavens^  for  any 
time  assumed  at  pleasure^  provided  they  can  be  reduced 
to  numbers.  But  before  the  calculator  begins  his  task^ 
the  observer  must  furnish  the  necessary  data^  which 
are  obviously,  the  forms  of  the  orbits,  and  their  posi- 
tions with  regard  to  the  plane  of  the  ecliptic*  It  is 
therefore  necessary  to  determine  by  observation  for 
each  planet,  the  length  of  the  m^jor  axis  of  its  orbit, 
the  excentricity,  the  inclination  of  the  orbit  to  the  plane 
of  the  ecUptic,  the  longitudes  of  its  perihelion  and  as- 
cending node  at  a  given  time,  the  periodic  time  of  the 
planet,  and  its  longitude  at  any  instant  arbitrarily  as- 
sumed, as  an  origin  from  whence  all  its  subsequent  and 
antecedent  longitudes  are  estimated..  Each  of  these  quan- 
tities is  determined  from  that  position  of  the  planet  on 
which  it  has  most  influence.  For  example,  the  sum  of 
the  greatest  and  least  distances  of  t^p^  planet  from 
the  sun  is  equal  to  the  major  .axM.  of  the  orbit, 
and  their  difference  is  equal  to^the  excentricity.  The 
longitude  of  the  planet  when  at  its  least  distance  from 
the  sun,  is  the  same  with  the  longitude  of  the  perihe- 
lion ;  the  greatest  latitude  of  the  planet  is  equal  to  the 
inclination  of  the  orbit ;  the  longitude  of  the  planet, 
when  in  the  plane  of  the  ecliptic  in  passing  towards 
the  north,  is  the  longitude  of  the  ascending  node,  and 
the  periodic  time  is  the  interval  between  two  consecu- 
tive passages  of  the  planet  through  the  same  node,  a 
small  correction  being  made  for  the  precession  of  the 
node,  during  the  revolution  of  the  planet.^  But,  not- 
withstanding the  excellence  of  instruments  and  the  ac- 
curacy of  the  modem  observers,  the  unavoidable  errors 
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of  observation  can  only  be  compensated  by  finding  the 
value  of  each  element  from  the  mean  of^  perhaps^  a 
thousand,  or  even  many  thousands  of  observations. 
For  as  it  is  probable  that  the  errors  are  not  all  in  one 
direction,  but  that  some  are  in  excess  and  others  in  de- 
fect, they  will  compensate  each  other  when  combined. 

However,  the  values  of  the  elements  determined  se- 
parately can  only  be  regarded  as  approximate,  because 
they  are  so  connected,  that  the  estimation  of  any  one 
independently,  will  induce  errors  in  the  others.  The 
excentridty  depends  upon  the  longitude  of  the  perihe- 
lion, the  mean  motion  depends  upon  the  major  axis,  the 
longitude  of  the  node  upon  the  inclination  of  the  orbit,  and 
vice  versa.  Consequently,  the  place  of  a  planet  com- 
puted with  the  approximate  data  wUl  differ  from  its 
observed  place.  Then,  the  difficulty  is  to  ascertain  what 
elements  are  most  in  fault,  dnce  the  difference  in  ques- 
tion is  the  error  of  all;  but  that  is  obviated  by  finding  the 
errors  of  some  thousands  of  observations,  and  combining 
them,  so  as  to  correct  the  elements  simultaneously,  and 
to  make  the  sum  of  the  squares  of  the  errors  a  mini- 
mum with  regard  to  each  element.^  The  method  of 
accomplishing  this  depends  upon  the  Theory  of  Proba- 
bilities ;  a  subject  fertile  in  most  important  results  in 
the  various  departments  of  science  and  of  civil  Hfe,  and 
quite  indispensable  in  the  determination  of  astronomical 
data.  A  series  of  observations  continued  for  some 
years,  will  give  approximate  values  of  the  secular  and 
periodic  inequalities,  which  must  be  corrected  from  time 
to  time,  till  theory  and  observation  agree.  And  these 
again  wiU  give  values  of  the  masses  of  the  bodies 
forming  the  s<dar  system,  which  are  important  data  in 
<v>Tnputing  their  motions.      When   all  these  quand« 
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ties  are  determined  in  numbers^  the  longitude^  latitude, 
and  distances  of  the  planet  from  the  smi  are  computed 
for  stated  intervals,  and  formed  into  tables,  arranged 
according  to  the  time  estimated  from  a  given  epoch,  so 
that  the  place  of  the  body  may  be  determined  from  them 
by  inspection  alone,  at  any  instant,  for  perhaps  a 
thousand  years  before  and  after  that  epoch.  By  this 
tedious  process,  tables  have  been  computed  for  eleven 
planets,  besides  the  moon  and  the  satellites  of  Jupiter. 
Those  of  the  four  new  planets  are  astonishingly  perfect, 
considering  that  these  bodies  have  not  been  discovered 
more  than  thirty  years,  and  a  much  longer  time  is  re- 
quisite to  develope  their  inequalities. 
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SECTION  IX. 

ROTATION  OF  THE  SUN  AND    PLANETS.  —  SATU&n's  RINGS.  —  PK- 
&IODS   OF  THE  ROTATION  OF  THE  MOON  AND  OTHER  SATELLITES 

EQUAL    TO  THE   PERIODS  OF   THEIR   RETOLUTIONS. FORM    OF 

LUNAR    SPHEROID. LIBRATION,     ASPECT,    AND   CONSTITUTION 

OF  THE  MOON. ROTATION  OF  JUFITER's  SATELLITES. 

The  oblate  form  of  several  of  the  planets  indicates 
rotatory  motion.  This  has  been  confirmed^  in  most 
cases^  by  tracing  spots  on  their  surface^  by  which  their 
poles  and  times  of  rotation  have  been  determined.  The 
rotation  of  Mercury  is  unknown^  on  account  of  his  prox- 
imity to  the  sun ;  and  that  of  the  new  planets  has  not 
yet  been  ascertained.  The  sun  revolves  in  twenty-five 
days  and  ten  hours  about  an  axis  which  is  directed  to« 
wards  a  point  half-way  between  the  pole-star  and  Lyra^ 
the  plane  of  rotation  being  inclined  by  7°  30',  or  a 
little  more  than  seven  degrees,  to  the  plane  of  the 
ecliptic :  it  may  therefore  be  concluded  that  the  sun's 
mass  is  a  spheroid,  flattened  at  the  poles.  From 
the  rotation  of  the  sun,  there  is  every  reason  to  believe 
that  he  has  a  progressive  motion  in  space,  although  the 
direction  to  which  he  tends  is  unknown.  But,  in  con- 
sequence of  the  reaction  of  the  planets,  he  describes  a 
small  irregular  orbit  about  the  centre  of  gravity  of  the 
system,  never  deviating  from  his  position  by  more  than 
twice  his  own  diameter,  or  a  little  more  than  seven 
times  the  distance  of  the  moon  from  the  earth.  The 
sun  and  all  his  attendants  rotate  from  west  to  east, 
on  axes  that  remain  nearly  parallel  to  themselves  ^  in 
every  point  of  their  orbit,  and  with  angular  velocities 
that  are  sensibly  uniform.^  Although  the  uniformity 
^KotelM.  SNoteia& 
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in  the  direction  of  their  rotation  is  a  circumstance 
hitherto  unaccounted  for  in  the  economy  of  nature,  yet 
fi*om  the  design  and  adaptation  of  every  other  part  to 
the  perfection  of  the  whole,  a  coincidence  so  remarkahle 
cannot  be  accidental.  And  as  the  revolutions  of  the 
planets  and  satellites  are  also  from  west  to  east,  it  is 
evident  that  both  must  have  arisen  from  the  primitive 
cause  which  has  determined  the  planetary  motions. 
Indeed,  La  Place  has  computed  the  probability  to  be 
as  four  millions  to  one,  that  all  the  motions  of  the 
planets,  both  of  rotation  and  revolution,  were  at  once 
imparted  by  an  original  common  cause,  but  of  which 
we  know  neither  the  nature  nor  the  epoch. 

The  larger  planets  rotate  in  shorter  periods  than  the 
smaller  planets  and  the  earth.  Their  compression  is 
consequently  greater,  and  the  action  of  the  sun  and  of 
their  satellites  occasions  a  nutation  in  their  axes,  and  a 
precession  of  their  equinoxes  ^  similar  to  that  which 
obtains  in  the  terrestrial  spheroid,  from  the  attraction 
of  the  sun  and  moon  on  the  prominent  matter  at  the 
equator.  Jupiter  revolves  in  less  than  ten  hours  about 
an  axis  at  right  angles  to  certain  dark  belts,  or  bands, 
which  always  cross  his  equator.  This  rapid  rotation 
occasions  a  very  great  compression  in  his  form.  His 
equatorial  axis  exceeds  his  polar  axis  by  6000  miles, 
whereas  the  difference  in  those  of  the  earth  is  only  about 
twenty-six  and  a  half.  It  is  an  evident  consequence  of 
Kepler's  law  of  the  squares  of  the  periodic  times  of  the 
planets  being  as  the  cubes  of  the  major  axes  of  their 
prbits,  that  the  heavenly  bodies  move  slower  the  farther 
they  are  from  the  sun.  In  comparing  the  periods  of 
the  revolutions  of  Jupiter  and  Saturn  with  the  times  of 
their  rotation,  it  appears  that  a  year  of  Jupiter  contains^ 
>Notel4fi. 
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nearly  ten  thousand  of  his  days^  and  that  of  Saturn 
ahout  thirty  thousand  Satumian  days. 

The   appearance  of  Saturn  is  unparalleled  in  the 
system  of  the  world.     He  is  a  spheroid  nearly  1000 
times  larger  than  the  earthy  surrounded  hy  a  ring  even 
brighter  than  himself,  which  always  remains  suspended 
in  the  plane  of  his  equator ;  and,  viewed  with  a  very 
good  telescope,  it  is  found  to  consist  of  two  concentric 
rings,  divided  by  a  dark  band.     The  mean  distance  of 
the  interior  part  of  this  double  ring  from  the  surface  of 
the  planet  is  about  22,240  miles,  it  is  no  less  than 
33,360  miles  broad,  but,  by  the  estimation  of  Sir  John 
Herscbel,  its  thickness  does  not  much  exceed  100  miles^ 
so  that  it  appears  like  a  plane.  By  the  laws  of  mechanics, 
it  is  impossible  that  this  body  can  retain  its  position  by 
the  adhesion  of  its  particles  alone.     It  must  necessarily 
revolve  with  a  velocity  diat  will  generate  a  centrifugal 
force  sufficient  to  balance  the  attraction  of  Saturn.     Ob- 
servation confirms  the  truth  of  these  principles,  showing 
that  the  rings  rotate  about  the  planet  in  ten  hours  and  a 
half,  which  is  considerably  less  than  the^time  a  satellite 
would  take  to  revolve  about  Saturn  at  the  same  dis- 
tance.    Their  plane  is  inclined  to  the  ecliptic,  at  an 
angle  of  28^  39'  45^^ ;   and,  in  consequence  of  this 
obliquity  of  position,  they  always  appear  elliptical  to  us^ 
but  with  an  excentricity  so  variable,  as  even  to  be  occa* 
donaUy  like  a  straight  line  drawn  across  the  planet.  In 
the  beginning  of  October,  1832,  the  plane  of  the  ringa 
passed  through  the  centre  of  the  earth ;  in  that  position 
they  are  only  visible  with  very  superior  instruments^ 
and  appear  like  a  fine  line  across  the  disc  of  Saturn. 
About  the  middle  of  December,  in  the  same  year,  the 
rings  became  invisible,  with  ordinary  instruments,  on 
account  of  their  plane  passing  through  the  sun.    In  the 
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end  of  Aprils  1 S33,  the  rings  yanisbed  a  second  time, 
and  re-appeared  in  June  of  that  year. 

It  is  a.singular  result  of  theory,  that  the  rings  could 
not  maintain  their  stability  of  rotation  if  they  were 
every  where  of  uniform  thickness ;  for  the  smallest  dis- 
turbance would  destroy  the  equilibrium,  which  would 
become  more  and  more  deranged,  till,  at  last,  they 
would  be  precipitated  on  the  surface  of  the  planet.  The 
rings  of  Saturn  must  therefore  be  irregular  solids,  of 
unequal  breadth  in  different  parts  of  the  circumference, 
so  that  their  centres  of  gravity  do  not  coincide  with  the 
centres  of  their  figures.  Professor  Struve  has  also  dis- 
covered that  the  centre  of  the  ring  is  not  concentric 
with  the  centre  of  Saturn.  The  interval  between  the 
outer  edge  of  the  globe  of  ihe  planet,  and  the  outer 
edge  of  the  ring  on  one  side,  is  1  V^'073,  and,  on  the 
other  side,  the  interval  is  ll^'^'^SS,  consequently  there 
is  an  excentricity  of  the  globe  in  the  ring  of  0''"215. 
If  the  rings  obeyed  different  forces,  they  would  not 
remain  in  the  same  plane,  but  the  powerful  attraction 
of  Saturn  always  maintains  them  and  his  satellites  in 
the  plane  of  his  equator.  The  rings,  by  their  mutual 
action,  and  that  of  the  sun  and  satellites,  must  oscillate 
about  the  centre  of  Saturn,  and  produce  phenomena  6f 
light  and  shadow  whose  periods  extend  to  many  years. 

The  periods  of  rotation  of  the  moon  and  the  other 
satellites  are  equal  to  the  times  of  their  revolutions, 
consequently  these  bodies  always  turn  the  same  face  to 
their  primaries.  However,  as  the  mean  motion  of  the 
moon  is  subject  to  a  secular  inequality,  which  will  ulti- 
mately amount  to  many  circumferences  i,  if  the  rotation 
of  the  moon  were  perfectly  uniform,  and  not  affected 
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by  the  same  inequalities^  it  would  cease  exactly  to 
counterbalance  the  motion  of  revolution ;  and  the  moon^ 
in  the  course  of  ages^  would  successiyely  and  gradually 
discover  every  point  of  her  surface  to  the  earth.  But 
theory  proves  that  this  never  can  happen ;  for  the 
rotation  of  the  moon^  though  it  does  not  partake  of  the 
periodic  inequalities  of  her  revolution^  is  affected  by  the 
same  secular  variations^  so  that  her  motions  of  rotation 
and  revolution  round  the  earth  will  always  balance  each 
other^  and  remain  equaL  This  circumstance  arises  from 
the  form  of  the  lunar  spheroid^  which  has  three  prin- 
jcipal  axes  of  different  lengths  at  right  angles  to  each 
other. 

The  moon  is  flattened  at  her  poles  from  her  centri.. 
fugal  force^  therefore  her  polar  axis  is  the  least.  The 
other  two  are  in  the  plane  of  her  equator^  but  that 
directed  towards  the  earth  is  the  greatest.^  The  at- 
traction of  the  earth,  as  if  it  had  drawn  out  that  part  a£ 
the  moon's  equator,  constantly  brings  the  greatest  axis, 
and  consequently  the  same  hemisphere,  towards  ua, 
which  makes  her  rotation  participate  in  the  secular 
variations  in  her  mean  motion  of  revolution.  Even  if 
the  angular  velocities  of  rotation  and  revolution  had  not 
been  nicely  balanced  in  the  beginning  of  the  moon's 
motion,  the  attraction  of  the  earth  would  have  recalled 
the  greatest  axis  to  the  direction  of  the  line  joining  the 
centres  of  the  moon  and  earth  ;  so  that  it  would  have 
vibrated  on  each  side  of  that  line,  in  the  same  manner 
as  a  pendulum  oscillates  on  each  side  of  the  vertical 
from  the  influence  of  gravitation.  No  such  libration  is 
perceptible ;  and  as  the  smallest  disturbance  would 
make  it  evident,  it  is  clear  that,  if  the  moon  has  ever 
been  touched  by  a  comet,  the  mass  of  the  latter  must 
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have  been  extremely  Binall.  If  it  had  been  only  the 
hundred  thousandth  part  of  that  of  the  earth,  it  would 
bare  rendered  the  libration  sensible.  According  to 
analysis^  a  similar  libration  exists  in  the  motions  of 
Jupiter's  satellites^  which  still  zemains  insensible  to  ob- 
servation. 

It  is  true  the  moon  is  liable  to  librations  depending 
upon  the  position  of  the  spectator.  At  her  risings  past 
of  the  western  edge  of  her  disc  is  wsible^  which  is 
invisible  at  her  setting,  and  the  contrary  takes  place 
•with  regard  to  her  eastern  edge.  There  are  also  Ubr»- 
tions  arising  &om  the  relative  positions  of  tlie  earth  and 
moon  in  their  respective  orbits^  but  as  they  are  only 
optical  appearances^  one  hemisphere  will  be  eternally 
concealed  from  the  earth.  For  the  same  reason^  the 
earthy  which  must  be  so  splendid  an  object  to  one  lunar 
hemisphere,  will  be  for  ever  veiled  from  the  other.  On 
account  of  these  circumstances^  the  remoter  hemisphere 
of  the  moon  has  its  day  a  fortnight  long^  and  a  night  of 
the  same  duration^  not  even  enlightened  by  a  moon^ 
while  the  favoured  side  is  illuminated  by  the  reflection 
of  the  earth  during  its  long  night.  A  planet  exhibiting 
a  surface  thirteen  times  larger  than  that  of  the  moon^ 
with  all  the  varieties  of  douds^  land^  and  water  coming 
successively  into  view^  must  be  a  splendid  object  to  a 
lunar  traveller  in  a  journey  to  his  antipodes.  The  great 
height  of  the  lunar  mountains  probably  has  a  consider- 
able influence  on  the  phenomena  of  her  motion^  the 
more  so  as  her  compression  is  small^  and  her  mass  con- 
siderable. In  the  curve  passing  through  the  poles,  and 
that  diameter  of  the  moon  which  always  points  to  the 
earthy  nature  has  furnished  a  permanent  meridian^  to 
which  the  different  spots  on  her  surface  have  been  re- 
ferred, and  their  positions  are  determined  with  as  much 
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accuracy^  as  those  of  many  of  the  most  remarkaUe 
places  on  the  surface  of  our  globe. 

The  distance  and  minuteness  of  Jupiter's  satellites 
render  it  extremely  difficult  to  ascertain  their  rotation. 
It  was,  however,  accomplished  by  Sir  William  Her- 
schel  from  their  relative  brightness.  He  observed  that 
they  alternately  exceed  each  other  in  brilliancy,  and,  by 
comparing  the  maxima  and  minima  of  their  illumin- 
ation with  their  positions  relatively  to  the  sun  and  to 
their  primary,  he  found  that,  like  the  moon,  the  time  of 
their  rotation  is  equal  to  the  period  of  their  revolution 
about  Jupiter.  Miraldi  was  led  to  the  same  conclusion 
with  regard  to  the  fourth  satellite,  from  the  motion  of  a 
spot  on  its  surface. 
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SECTION  X. 

ROTATION  OF  THE  EAKTH  IKVAKIABLE. — OECKBASE  IK  THE  EARTH's 
MEAN  TEMPERATURE.  -^  EARTH  ORIOINALLT  IN  A  STATE  Ot 
FUSION.  LENGTH  OF  DAT  CONSTANT. DECREASE  OF  TEM- 
PERATURE ASCRIBED  BT  SIR  JOHN  HERSCHEL  TO  THE  VARIA- 
TION IN  THE  EXCENTRICITT  OF  THE  TERRESTRIAL  ORBIT.— 
DIFFERENCE  IN  THE  TEMPERATURE  OF  THE  TWO  HEMISPHERES, 

.  ERRONEOUSLY  ASCRIBED  TO  THE  EXCESS  IN  THE  LENGTH  OF 
SPRING  AND  SUMMER  IN  THE  SOUTHERN  HEMISPHERE  ;  ATTRI- 
BUTED BT  MR.  LYSLL  TO  THE  OPERATION  OF   EXISTING  CAUSES. 

THREE  PRINCIPAL  AXES   OF  ROTATION.  POSITION   OF   THE 

AXIS  OF  ROTATION  ON  THE  SURFACE  OF  THE  EARTH  INVARI- 
ABLE.   OCEAN  NOT  SUFFICIENT  TO  RESTORE  THE  EQUILIBRIUM 

OF    THE    EARTH    IF    DERANGED. ITS    DENSITY    AND    MEAN 

DEPTH.  —  INTERNAL  STRUCTURE  OF  THE  EARTH. 

The  rotation  of  the  earthy  which  determines  the  length 
of  the  day,  may  he  regarded  as  one  of  the  most  import- 
ant elements  in  the  83rstem  of  the  world.  It  serves  as  a 
measure  of  time^  and  forms  the  standard  of  comparison 
for  the  revolutions  of  the  celestial  hodies,  which,  hy  their 
proportional  increase  or  decrease,  would  soon  disclose 
any  changes  it  might  sustain.  Theory  and  ohservation 
concur  in  proving  that,  among  the  innumerahle  vicissi. 
tudes  which  prevail  throughout  creation,  the  period  of  the 
earth's  diurnal  rotation  is  immutahle.  The  water  of 
rivers,  falling  from  a  higher  to  a  lower  level,  carries  with 
it  the  velocity  due  to  its  revolution  with  the  earth,  at  a 
greater  distance  from  the  centre,  it  will  therefore  acce- 
lerate, although  to  an  almost  infinitesimal  extent,  the 
earth's  daily  rotation.  The  sum  of  all  these  increments  of 
velocity,  arising  from  the  descent  of  all  the  rivers  on  the 
earth's  surface,  would  in  time  hecome  perceptible,  did 
not  nature,  by  the  process  of  evaporation,  raise  the 
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waters  back  to  their  sources;  and  thus^  by  again  remov- 
ing matter  to  a  greater  distance  from  the  centre^  destroy 
the  velocity  generated  by  its  previous  approach ;  so  that 
the  descent  of  rivers  does  not  affect  the  earth's  rotation. 
Enormous  masses  projected  by  volcanos  from  the  equa- 
tor to  the  poles^  and  the  contrary^  wonld^  indeed^  a£fect 
it^  but  there  is  no  evidence  of  such  convulsions.  The 
disturbing  action  of  the  moon  and  planets^  which  has  so 
powerful  an  efibct  on  the  revolution  of  the  earthy  in  no 
way  influences  its  rotation.  The  constant  friction  of 
the  trade-winds  on  the  mountains  and  continents  be- 
tween the  tropics  does  not  impede  its  velocity,  which 
theory  even  proves  to  be  the  same,  as  if  the  sea  together 
with  the  earth,  formed  one  solid  mass.  But  although 
these  circumstances  be  inefficient,  a  variation  in  the 
mean  temperature  would  certainly  occasion  a  corre- 
sponding change  in  the  velocity  of  rotation.  In  the  sci- 
ence of  dynamics,  it  is  a  principle  in  a  system  of  bodies, 
or  of  particles  revolving  about  a  fixed  centre,  that  the 
momentum,  or  sum  of  the  products  of  the  mass  of  each 
into  its  angular  velocity  and  distance  from  the  centre,  is 
a  constant  quantity,  if  the  system  be  not  deranged  by  a 
foreign  cause.  Now,  since  the  number  of  particles  in 
the  system  is  the  same,  whatever  its  temperature  may 
be,  when  their  distances  from  the  centre  are  diminished, 
their  angular  velocity  must  be  increased,  in  order  that 
the  preceding  quantity  may  still  remain  constant.  It 
follows  then,  that,  as  the  primitive  momentum  of  ro- 
tation with  which  the  earth  was  projected  into  space 
must  necessarily  remain  the  same,  the  smallest  decrease 
in  heat,  by  contracting  the  terrestrial  spheroid,  would 
accelerate  its  rotation,  and  consequently  diminish  the 
length  of  the  day.  Notwithstanding  the  constant  acces- 
sion of  heat  from  the  sun's  rays^  geologists  have  been 
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induced  to  believe^  from  the  fossil  remains^  that  the 
mean  temperature  of  the  globe  is  decreasing. 

The  high  temperature  of  mines^  hot  springs,  and, 
above  all,  the  internal  fires  which  have  produced  and  do 
still  occasion  such  devastation  on  our  planet,  indicate  an 
augmentation  of  heat  towards  its  centre.  The  increase 
of  density,  corresponding  to  the  depth  and  the  form  of 
the  spheroid,  being  what  theory  assigns  to  a  fluid  mass 
in  rotation,  concur  to  induce  the  idea  that  the  tempera- 
tare  of  the  earth  was  originally  so  high,  as  to  reduce  all 
the  substances  of  which  it  is  composed  to  a  state  of  fu- 
sion, or  of  vapour,  and  that  in  the  course  of  ages,  it 
has  cooled  down  to  its  present  state ;  that  it  is  still  be* 
coming  colder,  and  that  it  will  continue  to  do  so,  till  the 
whole  mass  arrives  at  the  temperature  of  the  medium  in 
which  it  is  placed,  or,  rather,  at  a  state  of  equilibrium 
between  this  temperature,  the  cooling  power  of  its  own 
radiati(Hi,  and  the  heating  effect  of  the  sun's  rays. 

Previous  to  the  formation  of  ice  at  the  poles,  the  an. 
cient  lands  of  northern  latitudes  might,  no  doubt,  have 
been  capable  of  producing  those  tropical  plants  preserved 
in  the  coal  measures,  if  indeed  such  plants  could 
flourish  without  the  intense  light  of  a  tropical  sun. 
But,  even  if  the  decreasing  temperature  of  the  earth  be 
sufficient  to  produce  the  observed  effects,  it  must  be  ex- 
tremely slow  in  its  operation;  for,  in  consequence  of  the 
rotation  of  the  earth  being  a  measure  of  the  periods  of 
the  celestial  motions,  it  has  been  proved  that,  if  ijae 
length  of  the  day  had  decreased  by  the  three  thou* 
sandth  part  of  a  second  since  the  observations  of  Hip. 
parchus  two  thousand  years  ago,  it  would  have  dimi** 
nished  the  secular  equation  of  the  moon  by  4^^*4.  It  is 
therefore  beyond  a  doubt  that  the  mean  temperature  of 
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the  earth  cannot  have  sensibly  varied  during  that  time. 
Ify  then^  the  appearances  exhibited  by  the  strata  are 
really  owing  to  a  decrease  of  internal  temperature^  it 
either  shows  the  immense  periods  requisite  to  produce 
geological  changes,  to  which  two  thousand  years  are  as 
nothings  or  that  the  mean  temperature  of  the  earth  had 
arrived  at  a  state  of  equilibrium  before  these  observ- 
ations. 

However  strong  the  indications  of  the  primitive  flu- 
idity of  the  earthy  as  there  is  no  direct  proof  of  it,  the  hy- 
pothesis can  only  be  regarded  as  very  probable.  But 
one  of  the  most  profound  philosophers  and  elegant 
writers  of  modem  times,  has  found  in  the  secular  vari- 
ation of  the  excentricity  of  the  terrestrial  orbit,  aa 
evident  cause  of  decreasing  temperature.  That  accom- 
plished author,  in  pointing  out  the  mutual  dependences 
of  phenomena,  says,  ^'  It  is  evident  that  the  mean  tem- 
perature of  the  whole  surface  of  the  globe,  in  so  far  as 
it  is  maintained  by  the  action  of  the  sun  at  a  higher 
degree  than  it  would  have  were  the  sun  extinguished, 
must  depend  on  the  mean  quantity  of  the  sun's  rays 
which  it  receives,  or — which  comes  to  the  same  thing 
— on  the  total  quantity  received  in  a  given  invariable 
time ;  and  the  length  of  the  year  being  unchangeable  in 
all  the  fluctuations  of  the  planetary  system,  it  follows 
that  the  total  amount  of  solar  radiation  will  determine, 
ccBteris  paribus,  the  general  climate  of  the  earth.  Now, 
it  is  not  difEodt  to  show  that  this  amount  is  inversely 
proportional  to  the  minor  axis  of  the  ellipse  described 
by  the  earth  about  the  sun^,  regarded  as  slowly  vari- 
able ;  and  that,  therefore,  the  major  axis  remaining,  as 
we  know  it  to  be,  constant,  and  the  orbit  being  actually. 

1  Note  138. 
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in  a  state  of  approach  to  a  circle^  and  consequently  the 
minor  axis  heing  on  the  increase^  the  mean  annual 
amount  of  solar  radiation  received  hy  the  whole  earthy 
must  he  actually  on  the  decrease.  We  have  therefore 
an  evident  real  cause  to  account  for  the  phenomenon." 
The  limits  of  the  variation  in  the  excentricity  of  the 
earth's  orhit  are  unknown.  But  if  its  ellipticity  has 
ever  heen  as  great  as  that  of  the  orhit  of  Mercury  or 
Pallas^  the  mean  temperature  of  the  earth  must  have 
heen  sensibly  higher  than  it  is  at  present.  Whether  it 
was  great  enough  to  render  our  northern  climates  fit  for 
the  production  of  tropical  plants^  and  for  the  residence 
of  the  elephant  and  other  animals  now  inhabitants  of  the 
torrid  zone^  it  is  impossible  to  say. 

Of  the  decrease  in  temperature  of  the  northern 
hemisphere^  there  is  abundant  evidence  in  the  fossil 
plants  discovered  in  very  high  latitudes^  which  could 
only  have  existed  in  a  tropical  climate^  and  which  must 
have  grown  near  the  spot  where  they  are  found,  from 
the  delicacy  of  their  structure  and  the  perfect  state  of 
their  preservation.  This  change  of  temperature  has  been 
erroneously  ascribed  to  an  excess  in  the  duration  of 
spring  and  summer  in  the  northern  hemisphere,  in  con- 
sequence of  the  excentricity  of  the  solar  ellipse.  The 
length  of  the  seasons  varies  with  the  position  of  the  peri- 
helion ^  of  the  earth's  orbit,  for  two  reasons.  On  account 
of  the  excentricity,  small  as  it  is,  any  line  passing  through 
the  centre  of  the  sun  divides  the  terrestrial  ellipse  into 
two  unequal  parts,  and,  by  the  laws  of  elliptical  motion, 
the  earth  moves  through  these  two  portions  with  unequal 
velocities.  The  perihelion  always  lies  in  the  smaller 
portion,  and  there  the  earth's  motion  is  the  most  rapid. 

>  Note  6a 
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In  the  present  position  of  the  perihelion^  spring  and 
summer^  north  of  the  equator^  exceed  by  about  eight  days 
the  duration  of  the  same  seasons  south  of  it.  And  10^468 
years  ago  the  southern  hemisphere  enjoyed  the  advantage 
we  now  possess  from  the  secular  variation  of  the  peri- 
helion. Yet  Sir  John  Herschel  has  shown^  that  by  this 
alteration  neither  hemi^here  acquires  any  excess  of 
light  or  heat  above  the  other;  for^  although  the  earth, 
is  nearer  to  the  sun^  while  moving  through  that  part  of 
its  orbit  in  which  the  perihelion  lies  than  in  the  other 
partj  and  consequ^itly  receives  a  greater  quantity  of 
light  and  heat^  yet^  as  it  moves  £&ster^  it  is  exposed  to  the 
heat  for  a  shorter  time.  In  the  other  part  of  the  orbits 
on  the  contrary^  the  eartii^  being  farther  from  the  sun, 
receives  fewer  of  his  rays^  but^  because  its  motion  is 
slower  it  is  exposed  to  them  for  a  longer  time.  And  as 
in  both  cases  the  quantity  of  heat  and  the  angular  ve-> 
lodty  vary  exactiy  in  the  same  proportion^  a  perfect 
compensation  takes  place.  ^  So  that  tiie  excentricity  of 
the  earth's  orbit  has  littie  or  no  effect  on  the  temperature 
corresponding  to  the  diflference  of  tiie  seasons^  and  none 
whatever  on  the  general  mean  temperature  of  the  globe. 
Mr.  Lyell^  in  his  excellent  work  on  Geology,  refers 
the  increased  cold  of  the  nortiiem  hemisphere  to  the  oper. 
ation  of  existing  causes^  with  more  probability  than 
most  theories  that  have  been  advanced  in  sdution  of 
this  difficult  subject.  The  loftiest  mountains  would 
be  represented  by  a  grain  of  sand  on  a  globe  six  feet  in 
diameter^  and  tiie  depth  of  the  ocean  by  a  scratch  on  its 
surface*  Consequentiy  the  gradual  elevation  of  a  conti- 
nent or  chain  of  mountains  above  tiie  surface  of  the 
ocean^  or  tiieir  depression  below  it^  is  no  very  great 
event  compared  with  the  magnitude  of  the  earthy  and 
&  Note  139. 
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tile  energy  of  its  subterranean  fires^  if  the  same  periods 
of  time  be  admitted  in  the  prepress  of  geological  as  in 
astronomical  phenomena^  which  the  snccessiye  and  va- 
rious races  of  extinct  beings  diow  to  have  been  im- 
mense. Climate  is  always  more  intense  in  the  interior 
of  continents  than  in  islands  or  sea-coasts.  An  increase 
of  land  within  the  tropics  would  therefore  augment  the 
general  heat^  and  an  increase  in  the  temperate  and 
frigid  zones  would  render  the  cold  more  severe.  Now, 
it  appears  that  most  of  the  European,  Nordi  Asiatic, 
and  North  American  continents  and^  islands;,  were 
raised  from  the  deep  after  the  coal  measures  were 
formed  in  which  the  fossil  tropical  plants  are  found; 
and  a  variety  of  geok^cal  facts  indicate  the  existence 
of  an  ancient  and  extensive  archipdago  throughout  the 
greater  part  of  the  northern  hemisphere.  Mr.  Lyell  is 
therefore  of  opinion^  tiiat  the  climate  of  tiiese  islands 
must  have  been  suffidentiy  mild,  in  consequence  of  tiie 
surrounding  ocean,  to  clothe  them  with  tropical  plants^ 
and  render  tiiem  a  fit  abode  for  the  huge  animals  whose 
fossil  remains  are  so  often  foimd.  That  the  arbores- 
cent ferns  and  the  palms  of  these  regions,  carried  by 
streams  to  the  bottom  of  tiie  ocean,  were  imbedded  in 
tiie  strata  which  were  by  degrees  heaved  up  by  the  sub- 
terranean fires  during  a  long  succession  of  ages,  till  the 
greater  part  of  the  northem  hemisphere  became  dry 
land^  as  it  now  is,  and  that  the  consequence  has  been  a 
continual  decrease  of  temperature. 

It  is  evident,  from  the  marine  shells  found  on  the 
tops  of  the  highest  mountains,  and  in  almost  every  part 
of  the  globe,  that  immense  continents  have  been  elevated 
above  the  ocean,  which  must  have  engulphed  others.  Such, 
a  catastrophe  would  be  occasioned  by  a  variation  in  the  po- 
sition of  the  axis  of  rotation  on  the  surface  of  the  earth; 
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for  the  seas^  tending  to  a  new  equator^  would  leave  some 
portions  of  the  globe^  and  overwhelm  others.  Now,  it  is 
found  by  the  laws  of  mechanics  that,  in  every  body,  be 
its  form  or  density  what  it  may,  there  are  at  least  three 
axes  at  right  angles  to  each  other,  round  any  one  of 
which,  if  the  solid  begins  to  rotate,  it  will  continue  to 
revolve  for  ever,  provided  it  be  not  disturbed  by  a  foreign 
cause,  but  that  the  rotation  about  any  other  axis  will 
only  be  for  an  instant.  Consequently  the  poles  or 
extremities  of  the  instantaneous  axis  of  rotation,  would 
perpetually  change  their  position  on  the  surface  of  the 
body.  In  an  ellipsoid  of  revolution,  the  polar  diame- 
ter, and  every  diameter  in  the  plane  of  the  equator, 
are  the  only  permanent  axes  of  rotation. ^  Hence,  if  the 
ellipsoid  were  to  begin  to  revolve  about  any  diameter 
between  the  pole  and  the  equator,  the  motion  would  be^ 
so  unstable,  that  the  axis  of  rotation  and  the  position  of 
die  poles  would  change  every  instant.  Therefore,  as  the 
earth  does  not  differ  much  from  this  figure,  if  it  did  not 
turn  round  one  of  its  principal  axes,  the  position  of  the 
poles  would  change  daily  ;  the  equator,  which  is  90°  dis- 
tant, would  undergo  corresponding  variations  ;  and  the 
geographical  latitudes  of  all  places,  being  estimated  from 
the  equator,  assumed  to  be  fixed,  would  be  perpetually 
changing. 

A  displacement  in  the  position  of  the  poles  of  only 
two  hundred  miles  would  be  sufficient  to  produce  these 
effects,  and  would  immediately  be  detected.  But,  as  the 
latitudes  are  found  to  be  invariable,  it  may  be  concluded 
that  the  terrestrial  spheroid  must  have  revolved  about  the 
same  axis  for  ages.  The  earth  and  planets  differ  so 
little  from  ellipsoids  of  revolution,  that,  in  all  probability, 
any  librations  from  one  axis  to  another,  produced  by  the 
iKotel4a 
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primitiye  impulse  which  put  them  in  motion^  must  have 
ceased  soon  after  their  creation^  from  the  friction  of  the 
fluids  at  their  surface. 

Theory  also  proves^  that  neither  nutation^  precession^  . 
nor  any  of  the  disturbing  forces  that  affect  the  system^ 
have  the  smallest  influence  on  the  axis  of  rotation^  which 
maintains  a  permanent  position  on  the  surface^  if  the 
earth  be  not  disturbed  in  its  rotation  by  a  foreign  cause^ 
as  the  collision  of  a  comet^  which  might  have  happened 
in  the  immensity  of  time.  But  had  that  been  the  case^ 
Its  effects  would  still  have  been  perceptiUe  in  the  varia. 
tions  of  the  geographical  latitudes.  If  we  suppose  that 
such  an  event  had  taken  place^  and  that  the  disturbance 
had  been  very  greats  equilibrium  could  then  only  have 
been  restored^  with  a  regard  to  a  new  axis  of  rotation^ 
by  the  rushing  of  the  seas  to  the  new  equator^  which 
they  must  have  continued  to  do  till  the  surface  was 
every  where  perpendicular  to  the  direction  of  gravity. 
But  it  is  probable  that  such  an  accumulation  of  the 
waters  would  not  be  sufficient  to  restore  equilibrium  if 
the  derangement  had  been  great^  for  the  mean  density 
of  the  sea  is  only  about  a  fifth  part  of  the  mean  density 
of  the  earthy  and  the  mean  depth  of  the  Pacific  Ocean 
is  not  more  than  four  miles^  whereas  the  equatorial  di- 
ameter of  the  earth  exceeds  the  polar  diameter  by  about 
ii6^  miles.  Consequently  the  influence  of  the  sea  on 
the  direction  of  gravity  is  very  small.  And  as  it  thus 
appears  that  a  great  change  in  the  position  of  the  axis  is 
incompatible  with  the  law  of  equilibrium^  the  geological 
phenomena  in  question  must  be  ascribed  to  an  internal 
cause.  Indeed^  it  is  now  demonstrated^  that  the  strata 
containing  marine  diluvia^  which  are  in  lofty  situations 
must  have  been  formed  at  the  bottom  of  the  ocean^  and 
afterwards  upheaved  by  the  action  of  subterraneous  fires. 
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Besides^  it  is  clear,  from  the  mensuration  of  the  arcs  of 
the  meridian^  and  the  length  of  the  seconds  pendulum^ 
as  well  as  from  the  lunar  theory^  that  the  internal  strata^ 
and  also  the  external  outline  of  the  glohe^  are  elliptical^ 
their  centres  being  coincident^  and  their  axes  identical^ 
with  that  of  the  surface^  —  a  state  of  things  which, 
according  to  the  distinguished  author  lately  quoted^  is  in- 
compatible with  a  subsequent  accommodation  of  the  sur- 
face  to  a  new  and  different  state  of  rotation^  from  that 
which  determined  the  original  distribution  of  the  com«- 
ponent  matter.  Thus^  amidst  the  mighty  revolutions 
which  have  swept  innumerable  races  of  organized  beings 
from  the  earthy  which  have  elevated  plains^  and  buried 
mountains  in  the  ocean^  the  rotation  of  the  earthy  and 
the  position  of  the  axes  on  its  surface^  have  undergone 
but  slight  variations. 

The  strata  of  the  terrestrial  spheroid  are  not  only 
concentric  and  elliptical^  but  the  lunar  inequalities 
show  that  they  increase  in  density  from  the  surface 
of  the  earth  to  its  centre.  This  would  certainly  have 
happened  if  the  earth  had  originally  been  fluids  for  the 
denser  parts  must  have  subsided  towards  the  centre  as 
it  approached  a  state  of  equilibrium.  But  the  enormous 
pressure  of  the  superincumbent  mass  is  a  sufficient  cause 
for  the  phenomenon.  Professor  Leslie  observes^  that 
air,  compressed  into  the  fiftieth  part  of  its  volume^  has  its 
elasticity  fifty  times  augmented.  If  it  continues  to  con. 
tract  at  that  rate^  it  would^  from  its  own  incumbent 
weighty  acquire  the  density  of  water  at  the  depth  of 
thirty-four  miles.  But  water  itself  would  have  its  den- 
sity doubled  at  the  depth  of  ninety-three  miles^  and 
would  even  attain  the  density  of  quicksilver  at  a  depth 
of  362  miles.  Descending,  therefore,  towards  the 
centre^  through  nearly  4000  miles^  the  condensation  of 
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ordinary  substances  would  surpass  the  utmost  powers  of 
conception.  Dr.  Young  says  that  steel  would  be  com- 
pressed into  one  fourth  and  stone  into  one  eighth  of  its 
bulk  at  the  earth's  centre.  However^  we  are  yet  igno- 
rant of  ihe  laws  of  compression  of  solid  bodies  beyond  a 
certain  Hmit ;  though^  from  the  experiments  of  Mr.  Per. 
Idns^  they  appear  to  be  capable  of  a  greater  degree  of 
compressdon  than  has  generally  been  imagined. ; 

But  a  density  so  extreme  is  not  borne  out  by  astroni^ 
mical  observation.  It  might  seem  to  follow^  therefore, 
that  our  planet  must  have  a  widely  cavernous  structure, 
and  that  we  tread  on  a  crust  or  shell  whose  thickness 
bears  a  very  small  proportion  to  the  diameter  of  its 
sphere.  Possibly,  too,  this  great  condensation  at  the 
central  regions  may  be  counterbalanced  by  the  increased 
elasticity  due  to  a  very  elevated  temperature. 
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SECTION  XI. 

raECESSION  and  nutation. THEIR  EFFECTS  ON  THE  APPARENT 

PLACES  OF  THE  FIXED  STARS. 


It  has  been  shown  that  the  axis  of  rotation  is  invariable 
on  the  surface  of  the  earth ;  and  observation^  as  well  as 
theory  prove,  that  were  it  not  for  the  action  of  the  sun 
and  moon  on  the  matter  at  the  equator,  it  would  remain 
exactly  parallel  to  itsdf  in  every  point  of  its  orbit. 

The  attraction  of  an  external  body  not  only  draws  a 
spheroid  towards  it,  but,  as  the  force  varies  inversely  as 
the  square  of  the  distance,  it  gives  it  a  motion  about  its 
centre  of  gravity,  unless  when  the  attracting  body  is  si- 
tuate in  the  prolongation  of  one  of  the  axes  of  the  sphe. 
roid.  The  plane  of  the  equator  is  inclined  to  the  plane 
of  the  ecliptic  at  an  angle  of  23°  27'  39* '26 ;  and  the 
inclination  of  the  lunar  orbit  on  the  same  is  5°  8'  47"*9* 
Consequently,  from  the  oblate  figure  of  the  earth,  the 
sun  and  moon,  acting  obliquely  and  unequally  on  the 
different  parts  of  the  terrestrial  spheroid,  urge  the  plane 
of  the  equator  from  its  direction,  and  force  it  to  move 
from  east  to  west,  so  that  the  equinoctial  points  have  a 
slow  retrograde  motion  on  the  plane  of  the  ecliptic  of 
50'''41  annually.  The  direct  tendency  of  this  action  is 
to  make  the  planes  of  the  equator  and  ecliptic  coincide^ 
but  it  is  balanced  by  the  tendency  of  the  earth  to  return 
to  stable  rotation  about  the  polar  diameter,  which  is  one 
of  its  principal  axes  of  rotation.  Therefore  the  in. 
dination  of  the  two  planes  remains  constant,  as  a  top 
spinning  preserves  the  same  inclination  to  the  plane  of 
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the  horizon.  Were  the  earth  spherical^  this  effect 
would  not  be  produced,  and  the  equinoxes  would 
always  correspond  with  the  same  points  of  the  ecliptic^ 
at  least  as  far  as  this  kind  of  motion  is  concerned.  But 
another  and  totally  different  cause  which  operates  on 
this  motion  has  already  been  mentioned.  The  action  of 
the  planets  on  one  another^  and  on  the  sun^  occasions  a 
very  slow  variation  in  the  position  of  the  plane  of  the 
ecliptic,  which  affects  its  inclination  to  the  plane  of  the 
equator,  and  gives  the  equinoctial  points  a  slow  but  di- 
rect motion  on  the  ecliptic  of  0'^*31  annually,  which  is 
entirely  independent  of  the  figure  of  the  earth,  and 
would  be  the  same  if  it  were  a  sphere.  Thus  the  sun  and 
moon,  by  moving  the  plane  of  the  equator,  cause  the 
equinoctial  points  to  retrograde  on  the  ecliptic ;  and  the 
planets,  by  moving  the  plane  of  the  ecliptic,  give  them 
a  dirttct  motion,  though  much  less  than  the  former. 
Consequently,  the  difierence  of  the  two  is  the  mean 
precession,  which  is  proved,  both  by  theory  and  observ- 
ation, to  be  about  50^^*1  annually.  ^ 

As  the  longitudes  of  all  the  fixed  stars  are  increased 
by  this  quantity,  the  effects  of  precession  are  soon  de- 
tected. It  was  accordingly  discovered  by  Hipparchus, 
in  the  year  128  before  Christ,  from  a  comparison  of 
his  own  observations  with  those  of  Timocharis,  155 
years  before.  In  the  time  of  Hipparchus,  the  entrance 
of  the  sun  into  the  constellation  Aries  was  the  beginning 
of  spring,  but  since  that  time  the  equinoctial  points  have 
receded  30°,  so  that  the  constellations  called  the  signs 
of  the  zodiac  are  now  at  a  considerable  distance  from 
those  divisions  of  the  ecliptic  which  bear  their  names* 
Moving  at  the  rate  of  50^''*1  annually,  the  equinoctial 
points  will  acc<»uplish  a  revolution  in  25,868  years. 

»  Note  141. 
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But  as  the  precession  varies  in  di£ferent  centaries,  thie 
extent  of  this  period  will  he  slightly  modified.  Since 
the  motion  of  the  sun  is  direct^  and  that  of  the  equi- 
noctial points  retrograde,  he  takes  a  shorter  time  to  re- 
turn to  the  equator  than  to  arrive  at  the  same  stars;  so 
that  the  tropical  year  of  365*  5^  48°»  498-2  must  be 
increased  by  the  time  he  takes  to  move  through  an  arc 
of  50"' I,  in  order  to  have  the  length  of  the  sidereal 
year.  The  time  required  is  20'  20"*4,  so  that  the 
sidereal  year  contains  365^  6h  9°"  9^*^  mean  solar  days. 

The  mean  annual  precession  is  subject  to  a  secular 
variation  ;  for^  although  the  change  in  the  plane  of  the 
ecliptic^  in  -which  the  orbit  of  the  sun  hes^  be  inde- 
pendent of  the  form  of  the  earthy  yet^  by  bringing  the 
sun^  moon^  and  earth  into  different  relative  positions^ 
from  age  to  age^  it  alters  the  direct  action  of  the  two 
first  on  the  prominent  matter  at  the  equator :  on  this 
account^  the  motion  of  the  equinox  is  greater  by  0''-455 
now  than  it  was  in  the  time  of  Hipparchus.  Conse- 
quently^ the  actual  length  of  the  tropical  year  is  about 
48*21  shorter  than  it  was  at  that  time.  The  utmost 
change  that  it  can  experience  from  this  cause  amounts 
to  43  seconds. 

Such  is  the  secular  motion  of  the  equinoxes.  But  it 
is  sometimes  increased  and  sometimes  diminished  by 
periodic  variations^  whose  periods  depend  upon  the  re- 
lative positions  of  the  sun  and  moon  with  regard  to  the 
earth,  and  which  are  occasioned  by  the  direct  action  of 
these  bodies  on  the  equator.  Dr.  Bradley  discovered 
that  by  this  action  the  moon  causes  the  pole  of  the 
equator  to  describe  a  small  ellipse  in  the  heavens^  the 
diameters  of  which  are  18^^' 5  and  13 ^''74,  the  longer 
being  directed  towards  the  pole  of  the  ecliptic.  The 
period  of  this  inequality  is  about  1 9  years^  the  time 

Digitized  by  VjOOQIC 


SECT.  XI.  NUTATION.  99 

employed  by  the  nodes  of  the  lunar  orbit  to  accomplish 
a  revolution.  The  sun  causes  a  small  variation  in  the 
description  of  this  ellipse ;  it  runs  through  its  period  in 
half  a  year.  Since  the  whole  earth  obeys  these  motions^ 
they  a£fect  the  position  of  its  axis  of  rotation  with 
regard  to  the  starry  heavens^  though  not  with  regard  to 
the  surface  of  the  earth ;  for^  in  consequence  of  pre- 
cession alone^  the  pole  of  the  equator  moves  in  a  circle 
round  the  pole  of  the  ecliptic  in  25,868  years,  and  by 
nutation  alone  it  describes  a  small  ellipse  in  the  heavens 
every  I9  years,  on  each  side  of  which  it  deviates 
every  half  year  from  the  action  of  the  sun.  The  real 
curve  traced  in  the  starry  heavens  by  the  imaginary 
prolongation  of  the  earth's  axis  is  compounded  of  these 
three  motions.  ^  This  nutation  in  the  earth's  axis  af- 
fects both  the  precession  and  obh'quity,  with  small 
periodic  variations.  But,  in  consequence  of  the  secular 
variation  in  the  position  of  the  terrestrial  orbit,  which 
is  chiefly  owing  to  the  disturbing  energy  of  Jupiter 
on  the  earth,  the  obliquity  of  the  ecliptic  is  annually 
diminished  according  to  M.  Bessel,  by  (y'*457'  This 
variation  in  the  course  of  ages  may  amount  to  10  or 
11  degrees;  but  the  obliquity  of  the  ecliptic  to  the 
equator  can  never  vary  more  than  2°  42'  or  3°,  since 
the  equator  will  follow  in  some  measure  the  motion  of 
the  echptic. 

It  is  evident  that  the  places  of  all  the  celestial  bodies 
acre  a£fected  by  precession  and  nutation.  Their  longi- 
tudes, estimated  from  the  equinox,  are  augmented  by 
precession;  but  as  it  affects  all  the  bodies  equally,  it 
makes  no  change  in  their  relative  positions.  Both  the 
celestial  latitudes  and  longitudes  are  altered  to  a  small 
degree  by  nutation ;  hence  all  observations  must  be  cor- 
1  NoteliS. 
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rected  for  these  inequalities.  In  consequence  of  this  real 
motion  in  the  earth's  axis^  the  pole  star^  forming  part  of 
the  constellation  of  the  Little  Bear^  which  was  formerly 
12°  from  the  celestial  pole,  is  now  within  1°  24'  of  it, 
and  will  continue  to  approach  it  till  it  is  within  ^°, 
after  which  it  will  retreat  from  the  pole  for  ages  ;  and 
12,000  years  hence,  the  star  a  Lyrae  will  come  within 
5^  of  the  celestial  pole,  and  become  the  polar  star  of 
the  northern  hemisphere. 
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SECTION  XII. 

MXAir  AVD  APPARBIIT   8IDK1.BAI.  TIMB. MXAW   AND  APPARENT 

SOLAR  TIME. EQUATION   OF   TIME.  ENGU8H    AND  FRENCH 

SUBDIVISIONS    OF  TIME.  LEAP-TEAR. CHRISTIAN    ERA.  

EQUINOCTIAL  TIME.  — -  REMARKABLE  ERAS  DEPENDING  UPON 
THE  POSITION  OF  THE  SOLAR  PERIGEE.  —  INEQUALITY  OF  THE 
LENGTHS  OF   THE  SEASONS   IN  THE   TWO   HEMISPHERES.  -»  AP- 

PUCATION  OF    ASTRONOMY  TO   CHRONOLOGY.  ENGLISH    AND 

FRENCH  STANDARDS  OF  WEIGHTS  AND  MEASURES. 

Astronomy  has  been  of  immediate  and  essential  use  in 
affording  inyariable  standards  for  measuring  duration^ 
distance^  magnitude^  and  velocity.  The  mean  sidereal 
day^  measured  by  the  time  elapsed  between  two  conse- 
cutive transits  of  any  star  at  the  same  meridian^  and  the 
mean  sidereal  year^  which  is  the  time  included  between 
two  consecutive  returns  of  the  sun  to  the  same  star^  are 
immutable  units  with  which  all  great  periods  of  time 
are  compared ;  the  oscillations  of  the  isochronous  pen. 
dulum  measure  its  smaller  portions.  By  these  inva- 
riable standards  alone^  we  can  judge  of  the  slow  changes 
that  other  elements  of  the  system  may  have  undergone. 
Apparent  sidereal  time^  which  is  measured  by  the 
transit  of  the  equinoctial  point  at  the  meridian  of  any 
place^  is  a  variable  quantity  from  the  effects  of  preces- 
sion  and  nutation.  Clocks  showing  apparent  sidereal 
time  are  employed  for  observation^  and  are  so  regu- 
lated that  they  indicate  0^  0™  ()•  at  the  instant  the 
equinoctial  point  passes  the  meridian  of  the  observatory. 
And  as  time  is  a  measure  of  angular  motion^  the  dock 
gives  the  distances  of  the  heavenly  bodies  from  the 
equinox^  by  observing  the  instant  at  which  each  passes 
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the  meridian^  and  converting  the  interval  into  arcs  at 
the  rate  of  15^  to  an  hour. 

The  returns  of  the  sun  to  the  meridian^  and  to  the 
same  equinox  or  solstice^  have  heen  universally  adopted 
as  the  measure  of  our  civil  days  and  years.  The  solar 
or  astronomical  day  is  the  time  that  elapses  between 
two  consecutive  noons  or  midnights.  It  is  consequently 
longer  than  the  sidereal  day^  on  account  of  the  proper 
motion  of  the  sun  during  a  revolution  of  the  celestial 
sphere.  But^  as  the  sun  moves  with  greater  rapidity  at 
the  winter  than  at  the  summer  solstice^  the  astrono- 
mical day  is  more  nearly  equal  to  the  sidereal  day  in 
summer  than  in  winter.  The  obliquity  of  the  ecliptic 
also  affects  its  duration^  for  in  the  equinoxes  the  arc  of 
the  equator  is  less  than  the  corresponding  arc  of  the 
ecliptic^  and  in  the  solstices  it  is  greater.  ^  The  astro- 
nomical day  is^  therefore^  diminished  in  the  first  case^  and 
increased  in  the  second.  If  the  sun  moved  uniformly 
in  the  equator  at  the  rate  of  59'  8 '^-3  every  day,  the 
solar  days  would  be  all  equal.  The  time,  therefore, 
which  is  reckoned  by  the  arrival  of  an  imaginary  sun  at 
the  meridian,  or  of  one  which  is  supposed  to  move  uni- 
formly in  the  equator,  is  denominated  mean  solar  time, 
such  as  is  given  by  clocks  and  watches  in  common  life. 
When  it  is  reckoned  by  the  arrival  of  the  real  sun  at 
the  meridian,  it  is  apparent  time,  such  as  is  given  by 
dials.  The  difference  between  the  time  shown  by  a 
clock  and  a  dial  is  the  Equation  of  Time  given  in  the 
Nautical  Almanac,  sometimes  amounting  to  as  much  as 
sixteen  minutes.  The  apparent  and  mean  time  coincide 
four  times  in  the  year. 

The  astronomical  day  b^ins  at  noon,  but  in  common 
reckoning  the  day  begins  at  midnight.  In  England  it 
>  Note  143. 
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is  divided  into  twenty-four  hours^  which  are  counted  by 
twelve  and  twelve ;  but  in  France^  astronomers^  adopt- 
ing the  decimal  division^  divide  the  day  into  ten  hours^ 
the  hour  into  one  hundred  minutes^  and  the  minute  into 
a  hundred  seconds^  because  of  the  facility  in  computa- 
tion, and  in  conformity  with  their  system  of  weights 
and  measures.  This  subdivision  is  not  used  in  common 
life,  nor  has  it  been  adopted  in  any  other  coimtry ;  and 
although  some  scientific  writers  in  France  still  employ 
that  division  of  time,  the  custom  is  beginning  to  wear 
out.  The  mean  length  of  the  day,  though  accurately 
determined,  is  not  sufficient  for  the  purposes  either  of 
astronomy  or  civil  life.  The  tropical  or  civil  year 
of  S65^  5^  48"»  49**2,  which  is  the  time  elapsed  be- 
tween the  consecutive  returns  of  the  sun  to  the  mean 
equinoxes  or  solstices,  including  all  the  changes  of  the 
seasons,  is  a  natural  cycle  peculiarly  suited  for  a  mea- 
sure of  duration.  It  is  estimated  from  the  winter  sol- 
stice, the  middle  of  the  long  annual  night  under  the 
north  pole.  But  although  the  length  of  the  civil  year 
is  pointed  out  by  nature  as  a  measure  of  long  periods, 
the  incommensurability  that  exists  between  the  length 
of  the  day  and  the  revolution  of  the  sun,  renders  it  diffi- 
cult to  adjust  the  estimation  of  both  in  whole  numbers. 
If  the  revolution  of  the  sun  were  accomplished  in  365 
days,  all  the  years  would  be  of  precisely  the  same  num- 
ber of  days,  and  would  begin  and  end  with  the  sun  at 
the  same  point  of  the  ecliptic.  But  as  the  sim's  revolu- 
tion includes  the  fraction  of  a  day,  a  civil  year  and  a 
revolution  of  the  sun  have  not  the  same  duration. 
Since  the  fraction  is  nearly  the  fourth  of  a  day,  in  four 
years  it  is  nearly  equal  to  a  revolution  of  the  sun,  so 
that  the  addition  of  a  supernumerary  day  every  fourth 
year  nearly  compensates  the  difference.     But,  in  pro* 
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€688  of  time^  further  correction  will  be  necessary,  be- 
cause the  fraction  is  less  than  the  fourth  of  a  day.  In 
fact^  if  a  bissextile  be  suppressed  at  the  end  of  three 
out  of  four  centuries^  the  year  so  determined  will  only 
exceed  the  true  year  by  an  extremely  small  fraction  of  a 
day ;  and  if,  in  addition  to  this,  a  bissextile  be  suppressed 
every  4000  years,  the  length  of  the  year  will  be  nearly 
equal  to  that  given  by  observation.  Were  the  fraction 
neglected,  the  beginning  of  the  year  would  precede  that 
of  the  tropical  year,  so  that  it  would  retrograde  through 
the  different  seasons  in  a  period  of  about  1 507  years. 
The  Egyptians  estimated  the  year  at  365*  6*>,  by 
which  they  lost  one  year  in  every  14,601  —  their  Sothiac 
period.  They  determined  the  length  of  their  year  by 
the  heliacal  rising  i  of  Sirius  2782  years  before  the 
Christian  era,  which  is  the  earliest  epoch  of  Egyptian 
chronology.  The  division  of  the  year  into  months 
is  very  old  and  almost  universal.  But  the  period  of 
seven  days,  by  far  the  most  permanent  division  of  time, 
and  the  most  ancient  monument  of  astronomical  know- 
ledge, was  used  by  the  Brahmins  in  India,  with  the 
same  denominations  employed  by  us,  and  was  alike 
found  in  the  calendars  of  the  Jews,  Egyptians,  Arabs, 
and  Assyrians.  It  has  survived  the  fall  of  empires,  and 
has  existed  among  all  successive  generations,  a  proof  of 
their  common  origin. 

The  day  of  the  new  moon  immediately  following  the- 
winter  solstice  in  the  707th  year  of  Rome  was  made 
the  1st  of  January  of  the  first  year  of  Julius  Ctesar. 
The  25th  of  December  of  his  forty-fifth  year  is  consi- 
dered as  the  date  of  Christ's  nativity ;  and  the  forty- 
sixth  year  of  the  Julian  Calendar  is  assumed  to  be  tlie 
first  of  our  era.  The  preceding  yeai  is  called  the  first 
1  NotelM. 
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year  before  Christ  by  chronologists,  but  by  astronomers 
it  is  caUed  the  year  0.  The  astronomical  year  b^ns 
on^the  31  St  of  December^  at  noon ;  and  the  date  of  an 
obsenration  expresses  the  days  and  hours  which  have 
actually  elapsed  since  that  time. 

Since  solar  and  sidereal  time  are  estimated  from  the 
passage  of  the  sun  and  the  equinoctial  point  across  the 
meridian  of  each  place^  an  event  which  happened  at  one 
■and  the  same  instant  of  absolute  time^  is  recorded  at 
different  places  as  having  happened  at  different  times  ; 
which  is  obvious^  when  it  is  considered  that  while  it  is 
noon  at  one  part  of  the  globe^  it  is  midnight  at  another 
diametrically  opposite  to  it.  Therefore,  when  observ- 
ations maSle  at  different  places  are  to  be  compared,  they 
must  be  reduced  by  computation  to  what  they  would 
have  been  had  they  been  made  imder  the  same  meri- 
dian. To  obviate  this,  it  was  proposed  by  Sir  John 
Herschel  to  employ  mean  equinoctial  time,  which  is  the 
same  for  all  the  world,  and  independent  alike  of  local 
circumstances  and  inequalities  in  the  sun's  motion.  It 
is  the  time  elapsed  from  the  instant  the  mean  sun  enters 
the-mean  vernal  equinox,  and  is  reckoned  in  mean  solar 
-days  and  parts  of  a  day. 

Some  remarkable  astronomical  eras  are  determined 
by  the  position  of  the  major  axis  of  the  solar  ellipse, 
which  depends  upon  the  direct  motion  of  the  perigee  ^ 
and  the  precession  of  the  equinoxes  conjointly,  the  an- 
nual motion  of  the  One  being  11  "8,  and  that  of  the 
other  50'*  1.  Hence  the  axis,  moving  at  the  rate  of 
-61 « '9  annually,  accomplishes  a  tropical  revolution  in 
^0937  years.  It  coincided  with  the  line  of  the  equi- 
noxes 4000  or  4089  years  before  the  Christian  era, 
much  about  the  time  chronologists  assign  for  the  cre- 
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ation  of  man.  In  6468,  the  major  axis  will  again  coin- 
cide with  the  line  of  the  equinoxes;  but  then  the  solar 
perigee  will  coincide  with  the  equinox  of  springs  whereas 
at  the  creation  of  man  it  coincided  with  the  autumnal 
equinox.  In  the  year  1234^  the  major  axis  was  per- 
pendicular to  the  line  of  the  equinoxes ;  then  the  solar 
perigee  coincided  with  the  solstice  of  winter,  and  the 
apogee  with  the  solstice  of  summer.  According  to  La 
Place,  who  computed  these  periods  from  different  data, 
the  last  coincidence  happened  in  the  year  1250  of  our 
era,  which  induced  him  to  propose  that  year  as  a  uni- 
versal epoch,  the  vernal  equinox  of  the  year  1250  to  be 
the  first  day  of  the  first  year. 

The  variation  in  the  position  of  die  sdar  ellipse 
occasions  corresponding  changes  in  the  length  of  the 
seasons.  In  its  present  position,  spring  is  shorter  than 
summer,  and  autumn  longer  than  winter;  and  while 
the  solar  perigee  continues  as  it  now  is,  between  the 
solstice  of  winter  and  the  eqidnox  of  spring,  the  period 
including  spring  and  summer  will  be  longer  than  that 
including  autumn  and  winter.  In  this  century,  the  dif- 
ference is  between  seven  and  eight  days.  The  intervals 
wiD  be  equal  towards  the  year  6468,  when  the  perigee 
coincides  with  the  equinox  of  spring;  but  when  it  passes 
that  point,  the  spring  and  summer,  taken  together,  will 
be  shorter  than  the  period  including  the  autumn  and 
winter.  1  These  changes  will  be  accomplished  in  a  tro- 
pical revolution  of  the  major  axis  of  the  earth's  orbit, 
which  includes  an  interval  of  20,937  years.  Were  the 
orbit  circular,  the  seasons  would  be  equal ;  their  differ- 
ence arises  from  the  excentricity  of  the  orbit,  small  as 
it  is ;  but  the  changes  are  so  trifling,  as  to  be  imper- 
ceptible in  the  short  space  of  human  life. 

1  Note  145. 
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No  circumstance  in  the  whole  science  of  astronomy 
excites  a  deeper  interest  than  its  application  to  chrono- 
logy. *'  Whole  nations^''  says  La  Place,  "  have  been 
swept  from  the  earth,  with  their  languages,  arts,  and 
sciences,  leaving  but  confused  masses  of  ruins  to  mark 
the  place  where  mighty  cities  stood ;  their  history,  with 
the  exception  of  a  few  doubtful  traditions,  has  perished  ; 
but  the  perfection  of  their  astronomical  observations 
marks  their  high  antiquity,  fixes  the  periods  of  their 
existence,  and  proves  that,  even  at  that  early  time, 
they  must  have  made  considerable  progress  in  science." 
The  ancient  state  of  the  heavens  may  now  be  computed 
with  great  accuracy  ;  and  by  comparing  the  results  of 
computation  with  ancient  observations,  the  exact  period 
at  which  they  were  made,  may  be  verified  if  true,  or,  if 
false,  their  error  may  be  detected.  If  the  date  be  accu- 
rate, and  the  observation  good,  it  will  verify  the  accuracy 
of  modem  tables,  and  will  show  to  how  many  centuries 
they  may  be  extended,  without  the  fear  of  error.  A  few 
examples  will  show  the  importance  of  the  subject. 

At  the  solstices  the  sun  is  at  his  greatest  distance 
from  the  equator,  consequently  his  declination  at  these 
times  is  equal  to  the  obliquity  of  the  ecliptic  i,  which, 
formerly,  was  determined  from  the  meridian  length 
•of  the  shadow  of  the  stile  of  a  dial  on  the  day  of  the 
solstice.  The  lengths  of  the  meridian  shadow  at  the 
summer  and  winter  solstice  are  recorded  to  have  been 
observed  at  the  city  of  Layang,  in  China,  1100  years 
before  the  Christian  era.  From  these,  the  distances  of 
the  sun  from  the  zenith  ^  of  the  city  of  Layang  are 
known.  Half  the  sum  of  these  zenith  distances  deter- 
mines the  latitude,  and  half  their  difference  gives  the 
obliquity  of  the  ecliptic  at  the  period  of  the  observation  ; 
1  Note  146.  s  Note  147. 

Digitized  by  VjOOQIC 


108  CHINESE    ASTBONOUY.  SECT.  ZH. 

and  as  the  law  of  the  variation  of  the  ohliquity  is  known^ 
both  the  time  and  place  of  the  observations  have  been 
verified  by  computations  from  modem  tables.  Thus 
the  Chinese  had  made  some  advances  in  the  science  of 
astronomy  at  that  early  period.  Their  whole  chrono- 
logy is  founded  on  the  observation  of  edipses^  which 
prove  the  existence  of  that  empire  for  more  than  4700 
years.  The  epoch  of  the  lunar  tables  of  the  Indians^ 
supposed  by  Bailly  to  be  3000  years  before  the  Chris- 
tian era^  was  proved  by  La  Place^  from  the  acceleration 
of  the  moon^  not  to  be  more  ancient  than  the  time  of 
Ptolemy^  who  lived  in  tiie  second  century  after  it.  The 
great  inequality  of  Jupiter  and  Saturn,  whose  cycle 
embraces  918  years^  is  peculiarly  fitted  for  marking  the 
civilisation  of  a  people.  The  Indians  had  determined 
the  mean  motions  of  these  two  planets  in  that  part  of 
their  periods,  when  tiie  apparent  mean  motion  of  Saturn 
was  at  the  slowest,  and  that  of  Jupiter  the  most  rapid. 
The  periods  in  which  that  happened  was  3102  years 
before  the  Christian  era,  and  the  year  1491  after  it. 
The  returns  of  comets  to  their  perihelia  may  possibly 
mark  the  present  state  of  astronomy  to  future  ages. 

The  places  of  tiie  fixed  stars  are  afibcted  by  the  pre- 
cession of  the  equinoxes ;  and  as  the  law  of  that  vari- 
ation is  known,  their  positions  at  any  time  may  be* 
computed.  Now  Eudoxus,  a  contemporary  of  Plato^ 
mentions  a  star  situate  in  the  pole  of  the  equator,  and  it 
appears  from  computation,  tiiat  x  Draconis  was  not  very 
far  from  that  place  about  3000  years  ago ;  but  as  it  is 
only  about  2150  years  since  Eudoxus  lived,  he  must 
have  described  an  anterior  state  of  the  heavens,  supposed 
to  be  the  same  that  was  mentioned  by  Chiron,  about  tiie 
time  of  tiie  si^  of  Troy.    Every  drcumstance  concun 
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in  showing  that  astronomy  was  cultivated  in  the  highest 
ages  of  antiquity. 

It  is  possible  that  a  knowledge  of  astronomy  may 
lead  to  the  interpretation  of  hieroglyphical  characters. 
Astronomical  signs  are  often  found  on  the  ancient 
Egyptian  monuments^  probably  employed  by  the  priests 
to  record  dates.  The  author  had  occasion  to  witness  an 
instance  of  this  most  interesting  application  of  astro, 
nomy^  in  ascertaining  the  date  of  a  papyrus^  sent  from 
Egypt  by  Mr.  Salt^  in  the  hieroglyphical  researches  of 
the  late  Dr.  Thomas  Youngs  whose  profound  and  varied 
acquirements  do  honour  to  his  country  and  to  the  age 
in  which  he  lived.  The  manuscript  was  found  in  a 
mummy  .case ;  it  proved  to  be  a  horoscope  of  the  age  of 
Ptolemy^  and  its  antiquity  was  determined  from  the 
configuration  of  the  heavens  at  the  time  of  its  con- 
struction. 

The  form  of  the  earth  furnishes  a  standard  of  weights 
and  measures  for  the  ordinary  purposes  of  life,  as  well 
as  for  the  determination  of  the  masses  and  distances  of 
the  heavenly  bodies.  The  length  of  the  pendulum 
vibrating  seconds  of  mean  solar  time^  in  the  latitude  of 
London^  forms  the  standard  of  the  British  measure  of 
extension.  Its  length  oscillating  in  vacuo  at  the  tem- 
perature of  62?  of  Fahrenheit^  and  reduced  to  the  level 
of  the  sea^^  was  determined^  by  Captain  Kater^  to  be 
59*1  S92  inches.  The  weight  of  a  cubic  inch  of  water 
at  the  temperature  of  62°  of  Fahrenheit^  barometer  30 
inches^  was  also  determined  in  parts  of  the  imperial  troy 
pounds  whence  a  standard  both  of  weight  and  capacity 
is  deduced.  The  French  have  adopted  the  metre^  equal 
to  3*2808992  English  feet^  lor  their  unit  of  linear 
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measure^   which    is    the   ten-millionth   part   of    that 
quadrant  of  the  meridian  i  passing  through  Formentera 
and  Greenwich,  the  middle  of  which  is  nearly  in  the 
forty-fifth   degree   of    latitude.     Should   the   national 
standards  of  the  two  countries  he  lost  in  the  vicissitude 
of  human  affairs,  both  may  be  recovered,  since  they  are 
derived  from  natural  standards  presumed  to  be  invari. 
able.     The  length  of  the  pendulum  would  be  found 
again  with  more  facility  than  the  metre.     But  as  no 
measure  is  mathematically  exact,  an  error  in  the  original 
standard  may  at  length  become  sensible  in  measuring  a 
great  extent,  whereas  the  error  that  must  necessarily 
arise  in  measuring  the  quadrant  of  the  meridian  is  ren- 
dered totally  insensible  by  subdivisions,  in  taking  its 
ten.millionth    part.     The   French    have   adopted   the 
decimal  division,  not  only  in  time,  but  in  their  degrees, 
weights,  and  measures,  on  account  of  the  very  great 
facility  it  affords  in   computation.     It  has  not  been 
adopted  by  any  other  people,  though  nothing  is  more 
desirable  than  that  all  nations  should  concur  in  using 
the  same  division  and  standards,  not  only  on  account  of 
convenience,  but  as  affording  a  more  definite  idea  of 
quantity.     It  is  singular  that  the  decimal  division  of 
the  day,  of  degrees,  weights,  and  measures,  was  em- 
ployed in  China  4000  years  ago ;  and  that  at  the  time 
Ibn  Junis  made  his  observations  at  Cairo,  about  the 
year  1000  of  the  Christian  era,  the  Arabs  were  in  the 
habit  of  employing  the  vibrations  of  the  pendulum  in 
dieir  astronomical  observations  as  a  measure  of  time. 
I  Note  149. 
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*rOft€E;!l    7 BAT  PRODUCE   tHEM^ — ^  THREE    CINDS  0¥   OB- 

CntATIONS     irf     THE    OCEAJS"..  THE    SI^MIDtUR?* AL   TJtiES^  

ZgUlNOCTlAL  tliaBS^-  EFFECTS  OT    THii:  Der;LlNATION  OF   THE 

SUN   AND    MOON.  — TKEOJIV    ISSUf FlCIEKT     WITHOUT    OBSERV- 
ATION.  DJR-ECTIONO?  TUE  TlUAt  WAVE* ^^IJ  EIGHT  OF  TltJES- 

MASS  ^i'  MdOW  OBTAISED  FKOM  HER  ACTIOS  ON  THE  TlllES.- — 

INTEItFKIlENCE  OF    LTKHULA'TlONS,  — *  IMPOSSUHUTV  OS^  A  UWI- 
VEHSAL  INUNDATIflSV CUliB-ENTS* 

Oke  of  the  moat  im mediate  and  remarkable  effects  of  a 
grayitating  force  external  to  the  earthy  is  the  alternate 
rise  and  fall  of  the  surface  of  the  sea  twice  in  the  couTse 
of  a  lunar  day,  or  24-'^  oO"*  4^8^  of  mean  isolar  time.  Aa 
it  depends  upon  the  action  of  the  sun  and  mootij  it  is 
classed  among  astronomical  problems,  of  which  it  ia  by 
far  the  most  difficidt^  and  its  explanation  the  least  satis- 
factory* The  form  of  the  surface  of  the  ocean  in  equi- 
Ubrio,  when  revolving  witli  the  earth  round  its  axis^  ia 
an  ellipsoid  Battened  at  the  poles ;  hut  the  action  of  the 
son  and  moon,  especially  of  the  moon,  disturbs  the 
eqniUhrium  of  tlie  ocean*  If  the  moon  attracted  the 
centre  of  gravity  of  the  earth  and  all  Its  particles  with 
equal  and  parallel  forces^  the  whole  system  of  the  earth 
and  the  waters  that  cover  it  would  yield  to  the^se  forces 
with  a  common  motion^  and  the  equilibrium  of  the  seas 
would  remain  undisturbed.  The  difference  of  the  forceSj 
and  the  inequality  of  their  direct! ons,  alone  disturb  the 
equilibrium. 

It  is  proved  by  daUy  experience,  as  well  as  by  strict 
mathematical  reasoningj  that  if  a  number  of  waves  or 
oedllations  be  excited  in  a  fluid  by  different  forces^  each 
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pursues  its  course,  and  has  its  effect  independently  of 
the  rest.  Now,  in  the  tides  there  are  three  kinds  of  os- 
cillations, depending  on  different  causes,  and  producing 
their  effects  independently  of  each  other,  which  may 
therefore  he  estimated  separately. 

The  oscillations  of  the  first  kind,  which  are  very 
small,  are  independent  of  the  rotation  of  the  earth ;  and 
as  they  depend  upon  the  motion  of  the  disturbing  body 
in  its  orbit,  they  are  of  long  periods.  The  second  kind 
of  oscillations  depends  upon  the  rotation  of  the  earth 
therefore  their  period  is  nearly  a  day.  The  oscillations 
of  the  third  kind  vary  with  an  angle  equal  to  twice  the 
angular  rotation* of  the  earth,  and  consequently  happen 
twice  in  twenty.four  hours.  ^  The  first  afford  no  par- 
ticular interest,  and  are  extremely  small ;  but  the  dif- 
ference of  two  consecutive  tides  depends  upon  the  second. 
At  the  time  of  the  solstices,  this  difference,  which  ought 
to  be  very  great,  according  to  Newton's  theory,  is  hardly 
sensible  on  our  shores.  La  Place  has  shown  that  th 
discrepancy  arises  from  the  depth  of  the  sea ;  and  that  if 
the  depth  were  imiform,  there  would  be  no  difference  in 
the  consecutive  tides  but  that  which  is  occasioned  by 
local  circumstances.  It  follows,  therefore,  that  as  this 
difference  is  extremely  small,  the  sea,  considered  in  a 
large  extent,  must  be  nearly  of  uniform  depth ;  that  is  to 
say,  there  is  a  certain  mean  depth  from  which  the  devi- 
ation is  not  great.  The  mean  depth  of  the  Pacific 
Ocean  is  supposed  to  be  about  four  mUes,  that  of  the 
Atlantic  only  three.  From  the  formule  which  deter- 
mine the  difference  of  the  consecutive  tides,  it  is  also 
proved,  that  the  precession  of  the  equinoxes,  and  the 
nutation  of  the  earth's  axis,  are  the  same  as  if  the  sea 
formed  one  solid  mass  with  the  earth. 
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Oscillations  of  the  third  kind  are  the  semidiurnal 
tides^  so  remarkable  on  our  coasts.  They  are  occasioned 
by  the  combined  action  of  the  sun  and  moon ;  but  as  the 
effect  of  each  is  independent  of  the  other^  they  may  be 
considered  separately. 

The  particles  of  water  under  the  moon  are  more 
attracted  than  the  centre  of  gravity  of  the  earthy  in  the 
inverse  ratio  of  the  square  of  the  distances.  Hence  they 
have  a  tendency  to  leave  the  earthy  but  are  retained  by 
their  gravitation^  which  is  diminished  by  this  tendency. 
On  the  contrary,  the  moon  attracts  the  centre  of  the 
earth  more  powerfully  than  she  attracts  the  particles  of 
water  in  the  hemisphere  opposite  to  her ;  so  that  the 
earth  has  a  tendency  to  leave  the  waters,  but  is  retained 
by  gravitation,  which  is  again  diminished  by  this  tend- 
ency. Thus  the  waters  immediately  under  the  moon 
are  drawn  from  the  earth  at  the  same  time  that  the  earth 
is  drawn  from  those  which  are  diametrically  opposite  to 
her;  in  both  instances  producing  an  elevation  of  the 
ocean  of  nearly  the  same  height  above  the  surface  of 
equilibrium ;  for,  the  diminution  of  the  gravitation  of 
the  particles  in  each  position  is  almost  the  same,  on  ac- 
count of  the  distance  of  the  moon  being  great  in  com- 
parison of  the  radius  of  the  earth.  Were  the  earth 
entirely  covered  by  the  sea,  the  water  thus  attracted  by 
the  moon  would  assume  the  form  of  an  oblong  spheroid, 
whose  greater  axis  would  point  towards  the  moon,  since 
the  columns  of  water  under  the  moon  and  in  the  direc- 
tion diametrically  opposite  to  her,  are  rendered  lighter  in 
consequence  of  the  diminution  of  their  gravitation ;  and 
in  order  to  preserve  the  equilibrium,  the  axes  90°  dis- 
tant would  be  shortened.  The  elevation,  on  account  of 
the  smaller  space  to  which  it  is  confined,  is  twice  as 
great  as  the  depression,  because  the  contents  of  the 
I 
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^heroid  always  remain  the  same.  If  the  waters  were 
capable  of  assuming  the  form  of  equilibrium  instan- 
taneously, that  is^  the  form  of  the  spheroid,  its  summit 
would  always  point  to  the  moon,  notwithstanding  the 
earth's  rotation.  But  on  account  of  their  resistance,  the 
rapid  motion  produced  in  them  by  rotation,  prevents 
them  from  assuming  at  every  instant,  the  form  which 
the  equilibrium  of  the  forces  acting  upon  them  requires. 
Hence,  on  account  of  the  inertia  of  the  waters,  if  the 
tides  be  considered  relatively  to  the  whole  earth,  and 
open  sea,  there  is  a  meridian  about  30^  eastward  of  the 
moon,  where  it  is  always  high  water  both  in  the  hemi-* 
sphere  where  the  moon  is,  and  in  that  which  is  opposite. 
On  the  west  side  of  this  circle  the  tide  is  flowing,  on 
the  east  it  is  ebbing,  and  on  every  part  of  the  meridian 
at  90®  distant,  it  is  low  water.  This  great  wave,  which 
follows  all  the  motions  of  the  moon  as  far  as  the  rota- 
tion  of  the  earth  will  permit,  is  modified  by  the  action 
of  the  sun,  the  effects  of  whose  attraction  are  in  every 
respect  like  those  produced  by  the  moon,  though  greatly 
less  in  degree.  Consequently,  a  similar  wave,  but  much 
smaller,  raised  by  the  sun,  tends  to  follow  his  motions, 
which  at  times,  combines  with  the  lunar  wave,  and  at 
others  opposes  it,  according  to  the  relative  positions  of 
the  two  luminaries;  but  as  the  lunar  wave  is  only  modi« 
fied  a  little  by  the  solar,  the  tides  must  necessarily 
happen  twice  in  a  day,  since  the  rotation  of  the  earth 
brings  the  same  point  twice  under  the  meridian  of  the 
moon  in  that  time,  once  under  the  superior,  and  once 
under  the  inferior,  meridian. 

In  the  semidiurnal  tides  there  are  two  phenomena 
particularly  to  be  distinguished,  one  occurring  twice  in 
a  month,  and  the  other  twice  in  a  year. 

The  first  phenomenon  is,  that  the  tides  are  much 
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increased  in  the  syzigies^  or  at  the  time  of  new  and  full 
inoon.i  In  both  cases  the  sun  and  moon  are  in  the 
same  meridian ;  for  when  the  moon  is  new^  they  are  in 
conjunction^  and  when  she  is  full^  they  are  in  opposition. 
In  each  of  these  positions,  their  action  is  combined  to 
produce  the  highest  or  spring  tides  under  that  meridian, 
and  the  lowest  in  those  points  that  are  90°  distant.  It 
is  obserred  that  the  higher  the  sea  rises  in  full  tide,  the 
lower  it  is  in  the  ebb.  The  neap  tides  take  place  when 
the  moon  is  in  quadrature  ;  they  neither  rise  so  high 
nor  sink  so  low  as  the  spring  tides.  The  spring  tides 
are  much  increased  when  the  moon  is  in  perigee, 
because  she  is  then  nearest  to  the  earth.  It  is  evident 
that  the  spring  tides  must  happen  twice  in  a  month, 
since  in  that  time  the  moon  is  once  new  and  once  full. 
The  second  phenomenon  in  the  tides  is  the  aug- 
mentation, which  occurs  at  the  time  of  the  equinoxes, 
when  the  sun's  declination  ^  is  zero,  which  happens 
twice  every  year.  The  greatest  tides  take  place  when  a 
new  or  full  moon  happens  near  the  equinoxes  while  the 
moon  is  in  perigee.  The  inclination  of  the  moon's 
orbit  on  the  ecliptic  is  5°  8'  47'^'9;  hence,  in  the 
equinoxes,  the  action  of  the  moon  woidd  be  increased 
if  her  node  were  to  coincide  with  her  perigee.  For  it  is 
clear,  that  the  action  of  the  sun  and  moon  on  the  ocean 
is  most  direct  and  intense  when  they  are  in  the  plane 
of  the  equator,  and  in  the  same  meridian,  and  when 
the  moon  in  conjunction  or  opposition  is  at  her  least 
distance  from  the  earth.  The  spring  tides  which  hap- 
pen imder  all  these  favourable  circumstances  must  be 
the  greatest  possible.  The  equinoctial  gales  often  raise 
these  tides  to  a  great  height.  Besides  these  remarkable 
variations,  there  are  others  arising  from  the  declination 
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or  angular  distance  of  the  sun  and  moon  from  the  plane 
of  the  equator^  ivhich  have  a  great  influence  on  the  ebb 
and  flow  of  the  waters.  The  sun  and  moon  are  con- 
tinually making  the  circuit  of  the  heavens  at  different 
distances  from  the  plane  of  the  equator^  on  account  of 
the  obliquity  of  the  ecliptic,  and  the  inclination  of  the 
lunar  orbit.  The  moon  takes  about  twenty-nine  days 
and  a  half  to  vary  through  all  her  declinations,  which 
sometimes  extend  £8 J  degrees  on  each  side  of  the 
equator,  while  the  sun  requires  nearly  365^  days  to  ac- 
complish his  motion  from  tropic  to  tropic  through  about 
23^  degrees ;  so  that  their  combined  motion  causes 
great  irregularities,  and,  at  times,  their  attractive  forces 
counteract  each  other's  effects  to  a  certain  extent ;  but, 
on  an  average,  the  mean  monthly  range  of  the  moon's 
declination  is  nearly  the  same  as  the  annual  range  of 
the  declination  of  the  sun :  consequently,  the  highest 
tides  take  place  within  the  tropics,  and  the  lowest 
towards  the  poles. 

Both  the  height  and  time  of  high  water  are  thus  per- 
petually changing ;  therefore  in  solving  the  problem, 
it  is  required  to  determine  the  heights  to  which  the 
tides  rise,  the  times  at  which  they  happen,  and  the 
daily  variations.  Theory  and  observation  show,  that 
each  partial  tide  increases  as  the  cube  of  the  apparent 
diameter,  or  of  the  parallax  of  the  body  which  produces 
it,  and  that  it  diminishes  as  the  square  of  the  cosine  of 
the  declination  i  of  that  body.  For  the  greater  the 
apparent  diameter,  the  nearer  the  body,  and  the  more 
intense  its  action  on  the  sea ;  but  the  greater  the  de- 
clination, the  less  the  action,  because  it  is  less  direct. 

The  periodic  motions  of  the  waters  of  the  ocean,  on 
the  hypothesis  of  an  ellipsoid  of  revolution  entirely 
1  Note  152. 
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covered  by  the  sea,  are  very  far  from  according  with 
observation.  This  arises  from  the  very  great  irre- 
gularities in  the  surface  of  the  earth,  which  is  but  par- 
tially covered  by  the  sea,  from  the  variety  in  the  depths 
of  the  ocean,  the  manner  in  which  it  is  spread  out  on 
the  earth,  the  position  and  inclination  of  the  shores,  the 
currents,  and  the  resistance  the  waters  meet  with: 
causes  it  is  impossible  to  estimate,  but  which  modify 
the  oscillations  of  the  great  mass  of  the  ocean.  How- 
ever, amidst  all  tliese  irregularities,  the  ebb  and  flow  of 
the  sea  maintain  a  ratio  to  the  forces  producing  them 
sufficient  to  indicate  their  nature,  and  to  verify  the  law 
of  the  attraction  of  the  sun  and  moon  on  the  sea.  La 
Place  observes,  that  the  investigation  of  such  relations 
between  cause  and  effect,  is  no  less  useful  in  natural 
philosophy  than  the  direct  solution  of  problems,  either 
to  prove  the  existence  of  the  causes,  or  to  trace  the 
laws  of  their  effects.  Like  the  theory  of  probabilities, 
it  is  a  happy  supplement  to  the  ignorance  and  weakness 
of  the  human  mind.  Thus  the  problem  of  the  tides 
does  not  admit  of  a  general  solution.  It  is  certainly 
necessary  to  analyse  the  general  phenomena  which 
ought  to  result  from  the  attraction  of  the  sun  and 
moon,  but  these  must  be  corrected  in  each  particular 
case  by  local  observations  modified  by  the  extent  and 
depth  of  the  sea,  and  the  peculiar  circumstances  of  the 
place. 

Since  the  disturbing  action  of  the  sun  and  moon  can 
only  become  sensible  in  a  very  great  extent  of  water,  it 
is  evident  that  the  Pacific  Ocean  is  one  of  the  principal 
sources  of  our  tides.  But,  in  consequence  of  the  rota- 
tion of  the  earth,  and  the  inertia  of  the  ocean,  high 
water  does  not  happen  till  some  time  after  the  moon's 
I  3 
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southing.^  The  tide  raised  in  that  world  of  waters  is 
transmitted  to  the  Atlantic^  from  which  sea  it  moves  in 
a  northerly  direction  along  the  coasts  of  Africa  and 
Europe,  arriving  later  and  later  at  each  place.  This 
great  wave,  however,  is  modified  hj  the  tide  raised  in 
the  Atlantic,  which  sometimes  combines  with  that  from 
the  Pacific  in  raising  the  sea,  and  sometimes  is  in  op-^ 
position  to  it,  so  that  the  tides  only  rise  in  proportion 
to  their  difference.  This  vast  combined  wave,  reflected 
by  the  shores  of  the  Atlantic,  extending  nearly  from 
pole  to  pole,  still  coming  northward,  pours  through  the 
Irish  and  British  Channels  into  the  North  Sea,  so  that 
the  tides  in  our  ports  are  modified  by  those  of  another 
hemisphere.  Thus  the  theory  of  the  tides  in  each  port, 
both  as  to  their  height  and  the  times  at  which  they 
take  place,  is  really  a  matter  of  experiment,  and  can 
only  be  perfectly  determined  by  the  mean  of  a  very 
great  number  of  observations,  including  several  revolu- 
tions of  the  moon's  nodes. 

The  height  to  which  the  tides  rise  is  much  greater 
in  narrow  channels  than  in  the  open  sea,  on  account  of 
the  obstructions  they  meet  with.  The  sea  is  so  pent 
up  in  the  British  Channel,  that  the  tides  sometimes 
rise  as  much  as  fifty  feet  at  St.  Malo,  on  the  coast  of 
France  ;  whereas,  on  the  shores  of  some  of  the  South 
Sea  islands,  they  do  not  exceed  one  or  two  feet.  The 
winds  have  a  great  influence  on  the  height  of  the  tides, 
according  as  they  conspire  with  or  oppose  them.  But 
the  actual  effect  of  tlie  wind  in  exciting  the  waves  of 
the  ocean  extends  very  little  below  the  surface.  Even 
in  the  most  violent  storms,  the  water  is  probably  calm 
at  the  depth  of  ninety  or  a  hundred  feet.  The  tidal 
wave  of  the  ocean  does  not  reach  the  Mediterranean 

»  Note  153L 
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nor  the  Baltic^  partly,  from  their  position  and  partly 
from  the  narrowness  of  the  Straits  of  Gibraltar  and  of 
the  Categat^  but  it  is  very  perceptible  in  the  Red  Sea 
and  in  Hudson's  Bay.  In  high  latitudes^  where  the 
ocean  is  less  directly  under  the  influence  of  the  lumin- 
aries^ the  rise  and  fall  of  the  sea  is  inconsiderable^  so 
that^  in  all  probability^  there  is  no  tide  at  the  poles^  or 
only  a  small  annual  and  monthly  tide.  The  ebb  and 
flow  of  the  sea  are  perceptible  in  rivers  to  a  very  great 
distance  from  their  estuaries.  In  the  Straits  of  Pauxis^ 
in  the  river  of  the  Amazons^  more  than  five  hundred 
miles  from  the  sea^  the  tides  are  evident.  It  requires 
so  many  days  for  the  tide  to  ascend  this  mighty  stream^ 
that  the  returning  tides  meet  a  succession  of  those 
which  are  coming  up ;  so  that  every  possible  variety 
occurs  in  some  part  or  other  of  its  shores^  both  as  to 
magnitude  and  time.  It  requires  a  very  wide  expanse 
of  water  to  accumulate  the  impulse  of  the  sun  and 
moon^  so  as  to  render  their  influence  sensible ;  on  that 
account^  the  tides  in  the  Mediterranean  and  Black  Sea 
are  scarcely  perceptible. 

These  perpetual  commotions  in  the  waters  are  occa- 
sioned by  forces  that  bear  a  very  small  proportion  to 
terrestrial  gravitation  :  the  sun's  action  in  raising  the 
ocean  is  only  3544^07777  ®^  gravitation  at  the  earth's 
surface^  and  the  action  of  the  moon  is  little  more  than 
twice  as  much ;  these  forces  being  in  the  ratio  of  1  to 
2'35333f  when  the  sun  and  moon  are  at  their  mean 
distances  from  the  earth.  From  this  ratio^  the  mass 
of  the  moon  is  found  to  be  only  -^  of  that  of  the  earth. 
Had  the  action  of  the  sun  on  the  ocean  been  exactly 
equal  to  that  of  the  moon,  there  would  have  been  no 
neap  tides,  and  the  spring  tides  would  have  been  of 
twice  the  height  which  the  action  of  either  the  sun  or 
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moon  would  have  produced  separately  ;  a  phenomenon 
depending  upon  the  interference  of  the  waves  or  undula- 
tions. 

A  stone  plunged  into  a  pool  of  still  water  occasions  a 
series  of  waves  to  advance  along  the  surface^  though  the 
water  itself  is  not  carried  forward^  hut  only  rises  into 
heights  and 'sinks  into  hollows^  each  portion  of  the  sur- 
face heing  elevated  and  depressed  in  its  turn.  Another 
stone  of  the  same  size^  thrown  into  the  water  near  the 
firsts  will  occasion  a  similar  set  of  undulations.  Then^ 
if  an  equal  and  simUar  wave  from  each  stone  arrive  at 
the  same  spot  at  the  same  time^  so  that  the  elevation  of 
the  one  exactly  coincides  with  the  elevation  of  the  other^ 
their  united  effect  will  produce  a  wave  twice  the  size  of 
either.  But  if  one  wave  precede  the  other  hy  exactly  half 
an  undulation,  the  elevation  of  the  one  will  coincide 
with  the  hollow  of  the  other,  and  the  hoUow  of  the 
one  with  the  elevation  of  the  other^  and  the  waves  will 
80  entirely  ohliterate  one  another,  that  the  surface  of  the 
water  will  remain  smooth  and  level.  Hence,  if  the 
length  of  each  wave  he  represented  hy  1,  they  will 
destroy  one  another  at  intervals  of  J,  -J,  ^,  &c.,  and 
will  comhine  their  effects  at  the  intervals,  1,  2,  3, 
Sic,  It  will  he  found,  according  to  this  principle,  when 
still  water  is  disturhed  hy  the  fall  of  two  equal  stones^ 
that  there  are  certain  lines  on  its  surface  of  a  hyperhoUc 
form,  where  the  water  is  smooth  in  consequence  of  the 
waves  obliterating  each  other ;  and  that  the  elevation  of 
the  water  in  the  adjacent  parts  corresponds  to  both  the 
waves  united.  1  Now,  in  the  spring  and  neap  tides,  aris- 
ing from  the  combination  of  the  simple  soli.lunar  wavesi 
the  spring  tide  is  the  joint  result  of  the  combination 
when  they  coincide  in  time  and  place ;  and  the  neap 
1  Note  154. 
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tide  happens  when  they  succeed  each  other  by  half  an 
mterval^  so  as  to  leave  only  the  effect  of  their  difference 
sensible.  It  is  therefore  evident  that^  if  the  solai'  and 
lunar  tides  were  of  the  same  height^  there  would  be  no 
difference^  consequently  no  neap  tides^  and  the  spring 
tides  would  be  twice  as  high  as  either  separately.  In 
the  port  of  Batsha^  in  Tonquin^  where  the  tides  arrive  by  ' 
two  channels^  of  lengths  corresponding  to  half  an  inter- 
val^ there  is  neither  high  nor  low  water^  on  account  of  the 
interference  of  the  waves. 

The  initial  Pt?*3  of  the  ocean  has  no  influence  on  the 
tides ;  fo/^  .latever  its  primitive  conditions  may  have 
been,  they  must  soon  have  vanished  by  the  friction  and 
mobility  of  the  fluid.  One  of  the  most  remarkable  cir- 
cumstances in  the  theory  of  the  tides  is  the  assurance 
that^  in  consequence  of  the  density  of  the  sea  being  only 
one  fifth  of  the  mean  density  of  the  earth,  and  that  the 
earth  itself .  increases  in  density  towards  the  centre,  the 
stability  of  the  equilibrium  of  the  ocean  never  can  be 
subverted  by  any  physical  cause  whatever.  A  general 
inundation,  arising  from  the  mere  instability  of  the  ocean, 
is  therefore  impossible.  A  variety  of  circumstances, 
however,  tend  to  produce  partial  variations  in  the  equi. 
librium  of  the  seas,  which  is  restored  by  means  of  cur- 
rents. Winds,  and  the  periodical  melting  of  the  ice  at 
the  poles,  occasion  temporary  water-courses  ;  but  by  far 
the  most  important  causes  are  the  centrifugal  force  in- 
duced by  the  velocity  of  the  earth's  rotation,  and  varia- 
tions in  the  density  of  the  sea. 

The  centrifugal  force  may  be  resolved  into  two  forces 
—one  perpendicular,  and  another  tangent  to  the  earth's 
surface.  1  The  tangential  force,  though  small,  is  suffi- 
cient to  make  the  fluid  particles  within  the  polar  circles 

»  Note  155. 
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tend  towards  the  equator^  and  the  tendency  is  much  in« 
creased  by  the  immense  evaporation  in  the  equatorial 
regions^  from  the  heat  of  the  sun^  which  disturbs  the 
equilibrium  of  the  ocean.  To  this  may  also  be  added 
the  superior  density  of  the  waters  near  the  poles^  partly 
from  their  low  temperature^  and  partly  from  their  gra- 
vitation being  less  diminished  by  the  action  of  the  sun 
and  moon^  than  that  of  the  seas  of  lower  latitudes.  In 
consequence  of  the  combination  of  all  these  circum- 
stances^ two  great  currents  perpetually  set  from  each 
pole  towards  the  equator.  But^  as  they  come  from  lati- 
tudes where  the  rotatory  motion  of  the  surface  of  the 
earth  is  very  much  less  than  it  is  between  the  tropics^ 
on  account  of  their  inertia,  they  do  not  immediately 
acquire  the  velocity  with  which  the  solid  part  of  the 
earth's  surface  is  revolving  at  the  equatorial  regions^ 
from  whence  it  follows  that,  within  twenty-five  or 
thirty  degrees  on  each  side  of  the  Hue,  the  ocean  ap- 
pears to  have  a  general  motion  from  east  to  west,  which 
is  much  increased  by  the  action  of  the  trade-winds. 
This  mighty  mass  of  rushing  waters,  at  about  the  tenth 
degree  of  south  latitude,  is  turned  towards  the  north- 
west by  the  coast  of  America,  runs  through  the  Gulf  of 
Mexico,  and,  passing  the  Straits  of  Florida  at  the  rate 
of  ^ve  miles  an  hour,  forms  the  well-known  current  of 
the  Gulf.stream,  which  sweeps  along  the  whole  coast  of 
America,  and  runs  northward  as  far  as  the  bank  of 
Newfoundland,  whence,  bending  to  the  east,  it  flows 
past  the  Azores  and  Canary  Islands,  till  it  joins  the 
great  westerly  current  of  the  tropics  about  latitude  21® 
north.  According  to  M.  de  Humboldt,  this  great  circuit 
of  3800  leagues,  which  the  waters  of  the  Atlantic  are 
perpetually  describing  between  the  parallels  of  eleven  and 
forty-three  degrees  of  latitude,  may  be  accomplished  by 
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any  one  particle  in  two  years  and  ten  montbs.  Besides 
this^  there  are  branches  of  the  Gulf-stream^  which  con- 
vey the  fmits^  seeds^  and  a  portion  of  the  warmth  of 
the  tropical  climates^  to  our  northern  shores. 

The  general  westward  motion  of  the  South  Sea^ 
together  with  the  south  polar  current^  produce  rarious 
water-courses  in  the  Pacific  and  Indian  Oceans^  accord- 
ing as  the  one  or  the  other  prevails.  The  western  set 
of  the  Pacific  causes  currents  to  pass  on  each  side  of 
Australia^  while  the  polar  stream  rushes  along  the  Bay 
of  Bengal;  but  the  westerly  current  again  becomes 
most  powerful  towards  Ceylon  and  the  Maldives^  whence 
it  stretches  by  the  extremity  of  the  Indian  peninsula^ 
past  Madagascar,  to  the  most  northern  point  of  the 
continent  of  Africa,  where  it  mingles  with  the  general 
motion  of  the  seas.  Icebergs  are  sometimes  drifted  as 
far  as  the  Azores  from  the  north  pole,  and  from  the 
south  pole  they  have  come  even  to  the  Cape  of  Good 
Hope.  In  consequence  of  the  polar  current,  Sir  Edward 
Parry  was  obliged  to  give  up  his  attempt  to  reach  the 
north  pole  in  the  year  1827>  because  he  found  that  the 
fields  of  ice  were  drifting  to  the  south  faster  than  his 
party  could  travel  over  them  to  the  north. 
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SECTION  XIV. 

COHESIVE  AND  REPULSIVE  FORCES.  CONSTITUTION  OF  AERI- 
FORM FLUIDS,  OF  LIQUIDS  AND  SOLIDS. EFFECTS  OF  GRA- 
VITATION.    INTERSTICES    OR   PORES. ELASTICITY. GASES 

REDUCED    TO    LIQUIDS    BT    PRESSURE.  — -  INTENSITY    OF    THE 

COHESIVE   AND    REPULSIVE   FORCES. EFFECTS   OF    COHESION. 

—  MINUTENESS  OF  THE  ULTIMATE  ATOMS  OF  MATTER.— 
LIMITED  HEIGHT  OP  THE  ATMOSPHERE.  THEORY  OF  DE- 
FINITE    PROPORTIONS    AND    RELATIVE    WEIGHTS   OF    ATOMS.  

DR.  Faraday's  discoveries  with   regard  to  affinity.  — 

COMPOSITION  OF  WATER  BY  A  PLATE  OF  PLATINA.  —  CRYS- 
TALLISATION.  CLEAVAGE. ISOMORPHISM. MATTER  CON- 
SISTS OF  ATOMS  OF  DEFINITE  FORM.  CAPILLARY  ATTRAC- 
TION. 

The  oscillations  of  the  atmosphere^  and  its  action  upon 
rays  of  light  coming  from  the  heavenly  hodies,  connect 
the  science  of  astronomy  with  the  equilibrium  and 
movements  of  fluids^  and  the  laws  of  molecular  attrac- 
tion. Hitherto^  tiiose  forces  have  been  under  consider, 
ation  which  act  upon  masses  of  matter  at  sensible 
distances^  but  now  the  effects  of  such  forces  must  be 
considered  as  act  at  inappreciable  distances  upon  the 
ultimate  atoms  of  material  bodies^  which  are  far  too 
small  to  be  visible  by  any  means  human  ingenuity 
has  yet  been  able  to  devise.  All  bodies  consist  of  an 
assemblage  of  material  particles^  held  in  equilibrio  by  a 
cohesive  force^  which  tends  to  unite  them^  and  also  by 
a  repulsive  force^  probably  caloric^  the  principle  of 
heat^  which  tends  to  separate  them.  The  intensity  of 
these  forces  decreases  rapidly  as  the  distance  between 
the  particles  augments^  and  becomes  altogether  insensible 
as  soon  as  that  distance  has  acquired  a  sensible  magni- 
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tude.  It  is  evident,  that  the  density  of  substances 
will  depend  upon  the  ratio  which  the  opposing  forces  of 
cohesion  and  repulsion  bear  to  one  another. 

When  particles  of  the  same  kind  of  matter  are  at 
such  distances  from  each  other,  that  the  cohesion 
which  retains  them  is  insensible,  the  repulsive  principle 
remains  unbalanced,  and  the  particles  have  a  tendency 
to  fly  from  one  another,  as  in  aeriform  fluids.  If  the 
particles  approach  sufficiently  near  to  produce  equili- 
brium between  the  attractive  and  repulsive  forces,  but 
not  near  enough  to  admit  of  any  influence  from  their 
form,  perfect  mobility  will  exist  among  them,  resulting 
from  the  similarity  of  their  attractions,  and  they  will 
offer  great  resistance  when  compressed ;  properties 
which  characterise  liquids,  in  which  the  repulsive 
principle  is  greater  than  in  the  gases.  When  the  dis- 
tance between  the  particles  is  still  less,  solids  are  formed, 
in  consequence  of  the  preponderating  force  of  cohesion. 
But  the  nature  of  their  structure  will  vary  ;  because  at 
such  small  distances  the  power  of  the  mutual  attraction 
of  the  particles  will  depend  upon  their  form,  and  wiU 
be  modified  by  the  sides  they  present  to  one  another 
during  their  aggregation.  Besides  these  three  conditions 
of  matter,  there  are  an  infinite  variety  of  others,  cor. 
responding  to  all  the  various  relations  that  can  exist 
between  the  two  contending  forces,  which  may  be  ob- 
served in  the  fusion  of  metals,  and  other  substances, 
passing  from  hardness  to  toughness,  viscidity,  and 
through  all  the  other  stages  to  perfect  fluidity,  and  even 
to  vapour. 

Every  particle  of  matter,  whether  it  forms  a  consti. 
tuent  part  of  a  solid,  liquid,  or  aeriform  fluid,  is  subject 
to  the  law  of  gravitation.  The  weight  of  the  atmo- 
sphere, of  gases  and  vapour,  shows  that  they  consist  of 

Digitized  by  VjOOQIC 


126  MOLECULAR  AND  ORAyiTATINO  FORCES.      SECT.  XIV. 

gravitating  particles.     In  liquids^  tbe  cohesive  force  is 
not  sufficiently  powerful  to  resist  the  united  action  of 
repulsion  and  gravitation.     Therefore^  althou^  their 
component  particles  still  maintain  their  connexion^  the 
liquid  is  scattered  by  their  weight,  unless  when  it  is 
confined  in  a  vessel^  or  has  already  descended  to  the 
lowest  point  possible^  and  assumed  a  level  surface  from 
the  mobility  of  its  particles  and  die  influence  of  the 
gravitating  force^  as  in  the  ocean,  or  a  lake.     Solids 
would  also  fall  to  pieces  by  the  weight  of  their  particles 
if  the  force  of  cohesion  were  not  powerful  enough  to  resist 
the  united  efforts  of  gravitation  and  repulsion.     Since 
every  known  substance  may  be  reduced  in  bulk  by  pres. 
sure^  it  follows  that  the  particles  of  matter  are  not 
in   actual  contact^   but  are   separated  by   interstices^ 
owing  to  the  repulsive  principle  that  maintains  them  at 
extremely  minute  distances  from  one  another.     It  is 
evident   that  the   smaller   the  interstitial  spaces^   the 
greater  the  density.    These  spaces  appear  in  some  cases 
to  be  void  or  filled  with  air,  as  may  be  inferred  from  cer- 
tain semi-opaque  minerals  and  other  substances  becoming 
transparent  when  plunged  in  water ;  possibly  they  may 
contain  some  unknown  and  highly  elastic  fluid,  such  as 
Sir   David   Brewster  has    discovered  in   the  minute 
cavities  of  various  minerals,  which  occasionally  causes 
these  substances  to  explode  with  violence  when  under 
the  hands  of  the  lapidary. 

All  substances  may  be  compressed  by  a  sufficient 
force,  and  are  said  to  be  more  or  less  elastic,  according 
to  the  facility  with  which  they  regain  their  bulk  or 
volume  when  the  pressure  is  removed,  a  property  which 
depends  upon  the  repulsive  force  of  their  particles. 
But  the  pressure  may  be  so  great  as  to  bring  the  par- 
ticles within  the  sphere  of  the  cohesive  force,  and  then 
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an  aerifonn  fluid  may  become  a  liquid^  and'  a  liquid  a 
solid.  Dr.  Faraday  has  reduced  some  of  the  gases  to  a 
liquid  state  by  very  great  compression  ;  but  although 
atmospheric  air  is  capable  of  a  diminution  of  volume 
to  which  we  do  not  know  the  limits  it  has  hitherto 
always  retained  its  gaseous  properties^  and  resumes  its 
primitive  volume  the  instant  the  pressure  is  removed. 

The  effort  required  to  break  a  substance  is  a  measure 
of  the  intensity  of  the  cohesive  force  exerted  by  its  par* 
ticles^  which  is  as  variable  as  the  intensity  of  the  re- 
pulsive principle.  In  stone^  iron^  steely  and  all  brittle 
and  hard  bodies^  the  cohesion  of  the  particles  is  power- 
ful^ but  of  small  extent.  In  elastic  substances^  on  the 
contrary^  its  action  is  weak^  but  more  extensive.  Since 
all  bodies  expand  by  heat^  the  cohesive  force  is  weak- 
ened by  an  increase  of  temperature. 

The  phenomena  arising  from  the  force  of  cohesion 
are  innumerable.  The  spherical  form  of  rain-drops  ; 
the  difficulty  of  detaching  a  plate  of  glass  from  the 
surface  of  water;  the  force  with  which  two  plane 
surfaces  adhere  when  pressed  together ;  the  drops  that 
cling  to  the  window-glass  in  a  shower  of  rain^  are  all 
effects  of  cohesion^  entirely  independent  of  atmospheric 
pressure^  and  are  included  in  the  same  analytical  for- 
mula ^^  which  expresses  all  the  circumstances  accurately, 
although  the  laws^  according  to  which  the  forces  of 
cohesion  and  repulsion  vary,  are  unknown.  It  is 
more  than  probable  that  the  spherical  form  of  the  sun 
and  planets  is  due  to  the  force  of  cohesion^  as  they  have 
every  appearance  of  having  been  at  one  period  in  a  state 
of  fusion. 

A  very  remarkable  instance  of  cohesion  has  occasionally 
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been  observed  in  plate-glass  manufactories.  After  the 
large  plates  of  glass  of  which  the  mirrors  are  to  be 
made  have  received  their  last  polish^  they  are  carefully 
wiped  and  laid  on  their  edges  with  their  surfaces  rest- 
ing on  one  another.  In  the  course  of  time  the  cohe- 
sion has  sometimes  been  so  powerful^  that  they  could 
not  be  separated  without  breaking.  Instances  have  oc 
curred  where  two  or  three  have  been  so  perfectly  united^ 
that  they  have  been  cut,  and  their  edges  polished,  as  if 
they  had  been  fused  together,  and  so  great  was  the  force 
required  to  make  the  surfaces  slide,  that  one  tore  off  a 
portion  of  the  surface  of  the  other. 

The  size  of  the  ultimate  particles  of  matter  must  be 
small  in  the  extreme.  Organised  beings,  possessing  life 
and  all  its  functions,  have  been  discovered  so  small,  that 
a  million  of  them  would  occupy  less  space  than  a 
grain  of  sand.  The  malleability  of  gold^  the  perfume  of 
musk,  the  odour  of  flowers,  and  many  other  instances 
might  be  given  of  the  excessive  minuteness  of  the 
atoms  of  matter,  yet  from  a  variety  of  circumstances  it 
may  be  inferred,  that  matter  is  not  infinitely  divisible. 
Dr.  Wollaston  has  shown,  that  in  all  probability  the 
atmospheres  of  the  sun  and  planets,  as  well  as  of  the 
earth,  consist  of  ultimate  atoms  no  longer  divisiblei  and, 
if  so,  that  our  atmosphere  only  extends  to  that  point 
where  the  terrestrial  attraction  is  balanced  by  the 
elasticity  of  the  air.  The  definite  proportions  of 
chemical  compounds  afford  one  of  the  best  proofs  that 
the  divisibility  of  matter  has  a  limit.  The  cohesive 
force,  which  has  been  the  subject  of  the  preceding  con- 
siderations, only  unites  particles  of  the  same  kind  of 
matter,  whereas  affinity  is  the  mutual  attraction  be- 
tween particles  of  different  kinds  of  matter,  and,  when 
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modified  by  the  electric  state  of  the  particles^  has  been 
assigned  as  the  cause  of  chemical  combinations. 

It  is  a  permanent  and  universal  law  in  all  unoi^nised 
bodies,  hidierto  analysed,  that  the  composition  of  sub- 
stances is  definite  and  invariable,  the  same  compound 
always  consisting  of  the  same  elements  united  together  in 
the  same  proportions.  Two  substances  may^  indeed,  be 
mixed,  but  they  will  not  combine  to  form  a  third  sub* 
stance  difierent  from  both,  unless  their  component 
particles  unite  in  definite  proportions,  that  is  to  say,  one 
part,  by  weight,  of  one  of  the  substances,  will  unite  with 
one  part,  by  weight,  of  the  other,  or  with  two  parts,  or 
three,  or  four,  &c.,  so  as  to  form  a  new  substance ;  but 
in  any  other  proportions  they  will  only  be  mechanically 
mixed.  For  example,  one  part,  by  weight,  of  hydrogen 
gas,  will  combine  with  eight  parts,  by  weight,  of  oxygen 
gas,  and  form  water;  or  it  will  unite  with  sixteen 
parts,  by  weight,  of  oxygen,  and  form  a  substance  called 
deutoxide  of  hydrogen  ;  but,  added  to  any  other  weight 
of  oxygen,  it  will  produce  one  or  both  of  these  com- 
pounds mingled  with  the  portion  of  oxygen  or  hydrogen 
in  excess.  The  law  of  definite  proportion,  established  by 
Dr.  Dalton,  on  the  principle  that  every  compound  body 
consists  of  a  comUnation  of  the  atoms  of  its  constituent 
parts,  is  of  universal  application,  and  is,  in  fact,  one  of 
the  most  important  discoveries  in  physical  science,  fur- 
nishing information  previously  unhoped  for,  with  regard 
to  the  most  secret  and  minute  operations  of  nature,  in 
disclosing  the  relative  weights  of  the  ultimate  atoms  of 
matter.  Thus,  an  atom  of  oxygen,  uniting  with  an 
atom  of  hydrogen,  forms  the  compound  water.  But, 
as  every  drop  of  water,  however  small,  consists  of  eight 
parts,  by  weight,  of  oxygen,  and  one  part,  by  weight, 
of  hydrogen,  it  follows  that  an  atom  of  oxygen  is  eight 
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times  heavier  than  an  atom  of  hydrogen.  In  the  same 
manner^  sulphuretted  hydrogen  gas  consists  of  sixteen 
parts,  hy  weighty  of  sulphur^  and  one  of  hydrogen; 
therefore  an  atom  of  sulphur  is  sixteen  times  heavier 
than  an  atom  of  hydrogen.  Also^  carhonic  oxide  is 
constituted  of  six  parts  hy  weight  of  carbon^  and  eight 
of  oxygen ;  and  as  an  atom  of  oxygen  has  eight  times 
the  weight  of  an  atom  of  hydrogen^  it  follows  that  an 
atom  of  carbon  is  six  times  heavier  than  one  of 
hydrogen.  Since  the  same  definite  proportion  holds 
in  the  composition  of  all  substances  that  have  been 
examined^  it  may  be  concluded  that  there  are  great 
differences  in  the  weights  of  the  ultimate  particles  of 
matter.  M.  Gay  Lussac  discovered^  that  gases  unite 
together  by  their  bulk  or  volumes,  in  such  simple  and 
definite  proportions  as  one  to  one,  one  to  two,  one  to 
three,  &c.  For  example,  one  volume  or  measure  of 
oxygen  unites  with  two  volumes  or  measures  of  hydrogen 
in  the  formation  of  water. 

Affinity,  modified  by  the  electrical  condition  of  the 
particles  of  matter,  has  hitherto  been  believed  to  be  the 
cause  of  chemical  combinations.  However,  Dr.  Fara- 
day has  proved,  by  recent  experiments,  on  bodies  both 
in  solution  and  fusion,  that  chemical  affinity  is  merely 
a  result  of  the  electrical  state  of  the  particles  of  matter. 
Now,  it  must  be  observed,  that  the  composition  of 
bodies,  as  well  as  t)ieir  decomposition,  may  be  accom. 
plished  by  means  of  electricity ;  and  Dr.  Faraday  has 
found,  that  this  chemical  composition  and  decom- 
position, by  a  given  current  of  ^electricity,  is  always 
accomplished  according  to  the  laws  of  definite  propor. 
tions ;  and  that  the  quantity  of  electricity  requisite  for 
the  decomposition  of  a  substance  is  exactly  the  quantity 
necessary  for  its  composition.     Thus,  the  quantity  of 
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dectricity  which  can  decompose  a  grain  weight  of  water^ 
is  exactly  equal  to  the  quantity  of  electricity  which 
unites  the  elements  of  that  grain  of  water  together,  and 
is  equivalent  to  the  quantity  of  atmospheric  electricity 
which  is  active  in  a  very  powerful  thunder  storm. 
These  laws  are  univeral,  and  are  of  that  high  and 
general  order  that  characterise  aU  great  discoveries. 

Dr.  Faraday  has  given  a  singular  instance  of  cohesive 
force  inducing  chemical  combination,  by  the  following 
experiment,  which  seems  to  be  nearly  allied  to  the  dis- 
covery made  by  M.  Doebereiner,  in  1823,  of  the  spon- 
taneous combustion  of  spongy  platina  ^  exposed  to  a 
stream  of  hydrogen  gas  mixed  with  common  air.  A 
plate  of  platina,  with  extremely  clean  surfaces,  when 
jilunged  into  oxygen  and  hydrogen  gas,  mixed  in  the 
proportions  which  are  found  in  the  constitution  of 
water,  causes  the  gases  to  combine,  and  water  to  be 
formed,  the  platina  to  become  red-hot,  and  at  last  an 
explosion  to  take  place;  the  only  conditions  necessary 
for  this  curious  experiment  being  excessive  purity  in 
the  gases  and  in  the  surface  of  the  plate.  A  sufficiently 
pure  metallic  surface  can  only  be  obtained  by  im- 
mersing the  platina  in  very  strong  hot  sulphuric  acid,  and 
then  washing  it  in  distilled  water,  or  by  making  it  the 
positive  pole  of  a  pile  in  dilute  sulphuric  acid.  It  appears 
that  the  force  of  cohesion,  as  well  as  the  force  of  affinity^ 
€sxertedby  particles  of  matter,  extends  to  all  the  particles 
within  a  very  minute  distance.  Hence  the  platina, 
while  drawing  the  particles  of  the  two  gases  towards 
its  surface,  by  its  great  cohesive  attraction,  brings  them 
so  near  to  one  another,  that  they  come  within  the 
sphere  of  their  mutual  affinity,  and  a  chemical  combin- 
ation  takes   place.     Dr.  Faraday  attributes  the  effect, 
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in  part  also^  to  a  diminution  in  the  elasticity  of  the 
gaseous  particles^  on  their  sides  adjacent  to  the  platina, 
and  to  their  perfect  mixture  or  association^  as  well  as 
to  the  positive  action  of  the  metal  in  condensing  them 
against  its  surface  hy  its  attractive  force.  The  particles^ 
when  chemically  united^  run  off  the  surface  of  the 
metal^  in  the  form  of  water,  hy  their  gravitation,  or  pass 
away  as  aqueous  vapour,  and  make  way  for  others. 

The  particles  of  matter  are  so  small,  that  nothing  is 
known  of  their  form,  further  than  the  dissimilarity  of 
their  different  sides  in  certain  cases,  which  appears  from 
their  reciprocal  attractions  during  crystallisation  heing 
more  or  less  powerful,  according  to  the  sides  they  pre- 
sent to  one  another.  Crystallisation  is  an  effect  of  mo- 
lecular attraction,  regulated  by  certain  laws,  according  to 
which  atoms  of  the  same  kind  of  matter  unite  in  regular 
forms, — a  fact  easily  proved  by  dissolving  a  piece  of 
alum  in  pure  water.  The  mutual  attraction  of  the  par- 
ticles is  destroyed  by  the  water,  but  if  it  be  evaporated, 
they  unite,  and  form  in  uniting,  eight-sided  figures 
called  octahedrons.!  These,  however,  are  not  all  the 
same.  Some  have  their  angles  cut  off,  others  their 
edges,  and  some  both,  while  the  remainder  take  the 
regular  form.  It  is  quite  clear  that  the  same  circum- 
stances which  cause  the  aggregation  of  a  few  particles 
would,  if  continued,  cause  the  addition  of  more;  and  the 
process  would  go  on  as  long  as  any  particles  remain  free 
round  the  primitive  nucleus,  which  would  increase  in 
size,  but  would  remain  unchanged  in  form,  the  figure  of 
the  particles  being  such,  as  to  maintain  the  regularity 
and  smoothness  of  the  surfaces  of  the  solid  and  their 
mutual  inclinations.  A  broken  crystal  will,  by  degrees, 
resume  its  regular  figure,  when  put  h&tk  again  into  the 
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solution  of  alum,  which  shows,  that  the  internal  and 
external  particles  are  similar,  and  have  a  similar  attrac. 
lion  for  the  particles  held  in  solution.  The  original 
conditions  of  aggregation,  which  make  the  molecules  of 
the  same  substance  unite  in  different  forms,  must  be 
Tery  numerous,  since  of  carbonate  of  lime  alone  there 
are  many  hundreds  of  varieties ;  and  certain  it  is,  from 
the  motion  of  polarised  light  through  rock  crystal,  that 
a  very  different  arrangement  of  particles  is  requisite  to 
produce  an  extremely  small  change  in  external  form.  A 
variety  of  substances,  in  crystallising,  combine  che- 
mically with  a  certain  portion  of  water,  which  in  a  dry 
state  forms  an  essential  part  of  their  crystals ;  and,  ac^ 
cording  to  the  experiments  of  M.M.  Haidinger  and 
Mitscherlich,  seems  in  some  cases  to  give  the  peculiar 
determination  to  their  constituent  molecules.  These 
gentlemen  have  observed,  that  the  same  substance, 
crystallising  at  different  temperatures,  unites  with  dif- 
ferent quantities  of  water,  and  assumes  a  corresponding 
variety  of  forms.  Seleniate  of  zinc,  for  example,  unites 
with  three  different  portions  of  water,  and  assumes  three 
different  forms,  according  as  its  temperature  in  the  act 
of  crystallising  is  hot,  lukewarm,  or  cold.  Sulphate  of 
soda,  also,  which  crystallises  at  90°  of  Fahrenheit, 
without  water  of  crystallisation,  combines  with  water  at 
the  ordinary  temperature,  and  takes  a  different  form. 
Heat  appears  to  have  a  great  influence  on  the  pheno- 
mena of  crystallisation  :  not  only  when  the  particles  of 
matter  are  free,  but  even  when  firmly  united,  it  dis- 
solves their  union  and  gives  them  another  determination. 
Professor  Mitscherlich  found,  that  prismatic  crystals  of 
sulphate  of  nickel  ^,  exposed  to  a  summer's  sun  in  a  close 
vessel,  had  their  internal  structure  so  completely  altered, 
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without  any  exterior  change^  that  when  broken  open  they 
were  composed  of  octahedrons  with  square  bases.  The 
original  aggregation  of  the  internal  particles  had  been  dis- 
solved^ and  a  disposition  given  to  arrange  themselves  in 
a  crystalline  form.  Crystals  of  sulphate  of  magnesia 
and  of  sulphate  of  zinc^  gradually  heated  in  alcohol^  till 
it  boils,  lose  their  transparency  by  degrees,  and  when 
opened  are  found  to  consist  of  innumerable  minute 
crystals,  totally  different  in  form  from  the  whole  crys- 
tals ;  and  prismatic  crystals  of  zinc  ^  are  changed  in  a 
few  seconds  into  octahedrons,  by  the  heat  of  the  sun  ; 
other  instances  might  be  given  of  the  influence  of 
even  moderate  degrees  of  temperature  on  molecular 
attraction  in  the  interior  of  substances.  It  must  be  ob- 
served in  passing,  that  these  experiments  give  entirely 
new  views  with  regard  to  the  constitution  of  solid  bodies. 
"We  are  led  from  the  mobility  of  fluids  to  expect  great 
changes  in  the  relative  position  of  their  molecules,  which 
must  be  in  perpetual  motion  even  in  the  stillest  water  or 
calmest  air;  but  we  were  not  prepared  to  find  motion 
to  such  an  extent  in  the  interior  of  solids.  That  their 
particles  were  brought  nearer  by  cold  and  pressure,  or 
removed  farther  from  one  another  by  heat,  was  to  be 
expected,  but  it  could  not  have  been  anticipated  that 
their  relative  positions  could  be  so  entirely  changed  as 
to  alter  their  mode  of  aggregation.  It  follows,  from 
the  low  temperature  at  which  these  changes  are  effected, 
that  there  is  probably  no  portion  of  inorganic  matter 
that  is  not  in  a  state  of  relative  motion. 

Professor  Mitscherlich's  discoveries  with  regard  to 

^^e  forms  of  crystallised  substances,  as  connected  with 

xh|ir  chemical  character,  have  thrown  additional  light  on 

the  constitution  of  material  bodies.     There  is  a  certain 
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set  of  crystalline  forms  which  are  not  susceptihle  of 
variation,  as  the  die  or  cube^  which  may  be  small  or 
large,  but  is  invariably  a  solid  bounded  by  six  square 
surfaces  or  planes.  Such,  also,  is  the  tetrahedron  2  or 
four-sided  ^olid,  contained  by  four  equal-sided  triangles. 
Several  other  solids  belong  to  this  class,  which  is  called 
the  Tessular  system  of  crystallisation.  There  are  other 
crystals  which,  though  bounded  by  the  same  number  of 
sides,  and  having  the  same  form,  are  yet  susceptible  of 
variation];  as  for  instance,  the  eight*sided  figure  with  a 
square  base,  called  an  octahedron  3,  which  is  sometimes 
fiat  and  low,  and  sometimes  acute  and  high.  Now,  it 
was  formerly  believed,  that  identity  of  form  in  all 
crystals  not  belonging  to  the  Tessular  system,  indicated 
identity  of  chemical  composition.  Professor  Mitscher- 
lich,  however,  has  shown  that  not  to  be  the  case; 
but  that  substances,  differing  to  a  certain  degree  in 
chemical  composition,  have  the  property  of  assuming  the 
same  crystalline  form.  For  example,  the  neutral  phos- 
phate of  soda,  and  the  arseniate  of  soda,  crystallise  in 
the  very  same  form,  contain  the  same  quantities  of 
acid,  alkali,  and  water  of  crystallization,  yet  they  differ 
80  far,  that  the  one  contains  arsenic,  and  the  other  an 
equivalent  quantity  of  phosphorus.  Substances  having 
such  properties  are  said  to  be  isomorphous,  that  is, 
equal  in  form.  Of  these  there  are  many  groups,  each 
group  having  the  same  form,  and  similarity  though 
not  identity  of  chemical  composition.  For  instance, 
one  of  the  isomorphous  groups  is  that  consisting  of 
certain  chemical  substances  called  the  protoxides  of  iron, 
copper,  zinc,  nickel,  and  manganese,  all  of  which  are 
identical  in  form,  and  contain  the  same  quantity  of 
oxygen,  but  differ  in  the  respective  metals  they  contain, 
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which  are^  however^  nearly  in  the  same  proportion  in 
each.  All  these  circumstances  tend  to  prove^  that  sub. 
stances  having  the  same  crystalline  form  mast  consist 
of  ultimate  atoms^  having  the  same  figure^  and  arranged 
in  the  very  same  order ;  so  that  the  form  of  crystals  is 
dependent  on  their  atomic  constitution. 

All  crystallised  bodies  have  joints  called  cleavages^  at 
which  they  split  more  easily  than  in  other  directions ; 
on  this  property  the  whole  art  of  cutting  diamonds  de- 
pends. Each  substance  splits  in  a  mann»  and  in  forms 
peculiar  to  itself.  For  example,  all  the  hundreds  of 
forms  of  carbonate  of  lime  split  into  six-sided  figures^ 
called  rhombohedrons  ^,  whose  alternate  angles  measure 
105*55°  and  75*05°,  however  far  the  division  may  be 
carried ;  and^  therefore^  the  ultimate  particle  of  carbo- 
nate of  lime  is  presumed  to  have  that  form.  However 
this  may  be,  it  is  certain  that  all  the  various  crystals  of 
that  mineral  may  be  formed^  by  building  up  six-sided 
solids  of  the  form  described^  in  the  same  manner  as 
children  build  houses  with  miniature  bricks.  It  may 
be  imagined  that  a  wide  difference  may  exist  between 
the  particles  of  an  unformed  mass^  and  a  crystal  of  the 
same  substance^ — between  the  common  shapeless  lime- 
stone and  the  pure  and  limpid  crystal  of  Iceland  spar, 
yet  chemical  analysis  detects  none;  their  ultimate  atoms 
are  identical,  and  crystallisation  shows  that  the  differ- 
ence arises  only  from  the  mode  of  aggregation.  Besides, 
all  substances  either  crystallise  naturally,  or  may  be  made 
to  do  so  by  art.  Liquids  crystallise  in  freezing,  vapours 
by  sublimation^,  and  hard  bodies  when  fused,  crystallise 
in  cooling.  Hence  it  may  be  inferred,  that  all  sub- 
stances are  composed  of  atoms,  on  whose  magnitude, 
density  and  form,  their  nature  and  qualities  depend; 
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and  ad  these  qualities  are  unchangeable^  the  ultimate 
particles  of  matter  must  be  incapable  of  wear^  and  the 
same  now  as  when  created. 

The  oscillations  of  the  atmosphere,  and  the  changes 
in  its  temperature,  are  measured  by  variations  in  the 
heights  of  the  barometer  and  thermometer.  But  the 
actual  length  of  the  liquid  columns  depend  not  only 
upon  the  force  of  gravitation,  but  upon  the  cohesive 
force,  or  reciprocal  attraction  between  the  molecules  of 
the  liquid  and  those  of  the  tube  containing  it.  This 
peculiar  action  of  the  cohesive  force  is  called  capillary 
attraction,  or  capillarity.  If  a  glass  tube  of  extremely 
fine  bore,  such  as  a  small  thermometer  tube,  be  plunged 
into  a  cup  of  water  or  spirit  of  wine,  the  liquid  will 
immediately  rise  in  the  tube  above  the  level  of  that  in 
the  cup,  and  the  surface  of  the  little  column  thus  sus- 
pended will  be  a  hollow  hemisphere,  whose  diameter  is 
the  interior  diameter  of  the  tube.  If  the  same  tube  be 
plunged  into  a  cupful  of  mercury,  the  liquid  will  also 
rise  in  the  tube,  but  it  will  never  attain  the  level  of  that 
in  the  cup,  and  its  surface  will  be  a  hemisphere  whose 
diameter  is  also  the  diameter  of  the  tube.  ^  The  ele- 
vation or  depression  of  the  same  liquid  in  different 
tubes  of  the  same  matter,  is  in  the  inverse  ratio  of  their 
internal  diameters  2,  and  altogether  independent  of  their 
thickness.  Whence  it  follows,  that  the  molecular  action 
is  insensible  at  sensible  distances,  and  that  it  is  only  the 
thinnest  possible  film  of  the  interior  surface  of  the  tubes 
that  exerts  a  sensible  action  on  the  liquid.  So  much 
indeed  is  this  the  case,  that  when  tubes  of  the  same 
bore  are  completely  wetted  with  water  throughout  their 
whole  extent,  mercury  will  rise  to  the  same  height  in 
all  of  them,  whatever  be  their  thickness  or  density,  be- 
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cause  the  minute  coating  of  moisture  is  sufficient  to 
remove  the  internal  column  of  mercury  heyond  the 
sphere  of  attraction  of  the  tube,  and  to  supply  the  place 
of  a  tube  by  its  own  capillary  attraction.  The  forces 
which  produce  the  capillary  phenomena,  are  the  reci- 
procal attraction  of  the  tube  and  the  hquid,  and  of  the 
liquid  particles  on  one  another ;  and  in  order  that  the 
capillary  column  may  be  in  equilibrio^  the  weight  of 
that  part  of  it  which  rises  above  or  sinks  below  the  level 
of  the  liquid  in  the  cup,  must  balance  these  forces. 

The  estimation  of  the  action  of  the  liquid  is  a  dif- 
ficult part  of  this  problem.  La  Place,  Dr.  Young,  and 
other  mathematicians,  have  considered  the  liquid  within 
the  tube  to  be  of  uniform  density;  but  M.  Poisson, 
in  one  of  those  masterly  productions  in  which  he  eluci- 
dates the  most  abstruse  subjects,  has  proved  that  the 
phenomena  of  capillary  attraction,  depend  upon  a  rapid 
decrease  in  the  density  of  the  liquid  column  throughout 
an  extremely  small  space  at  its  surface.  Every  inde- 
finitely thin  layer  of  a  liquid  is  compressed  by  the  liquid 
above  it,  and  supported  by  that  below.  Its  degree  of 
condensation  depends  upon  the  magnitude  of  the  com- 
pressing force,  and,  as  this  force  decreases  rapidly 
towards  the  surface,  where  it  vanishes,  the  density  of 
the  liquid  decreases  also.  M.  Poisson  has  shown,  that 
when  this  force  is  omitted,  the  capillary  surface  be- 
comes plane,  and  that  the  liquid  in  the  tube  will  neither 
rise  above  nor  sink  below  the  level  of  that  in  the  cup. 
But,  in  estimating  the  forces,  it  is  also  necessary  to  in- 
clude the  variation  in  the  density  of  the  capillary  sur- 
face round  the  edges,  from  the  attraction  of  the  tube. 

The  direction  of  the  resulting  force,  determines  the 
curvature  of  the  surface  of  the  capillary  column.  In 
order  that  a  liquid  may  be  in  equilibrio,  the  force  re- 
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suiting  from  all  the  forces  acting  upon  it  must  be  per. 
pendicular  to  the  surface.  Now^  it  appears  that^  as 
glass  is  more  dense  than  water  or  alcohol^  the  resulting 
force  will  be  inclined  towards  the  interior  side  of  the 
tube^  therefore  the  surface  of  the  liquid  must  be  more 
elevated  at  the  sides  of  the  tube  than  in  the  centre^ 
in  order  to  be  perpendicular  to  it,  so  that  it  will  be  con- 
cave, as  in  the  thermometer.  But,  as  glass  is  less  dense 
than  mercury,  the  resulting  force  will  be  inclined  from 
the  interior  side  of  the  tube  i,  so  that  the  surface  of  the 
capillary  column  must  be  more  depressed  at  the  sides 
of  the  tube  than  in  the  centre,  in  order  to  be  perpendi- 
cular to  the  resulting  force,  and  is  consequently  convex, 
as  may  be  perceived  in  the  mercury  of  the  barometer 
when  rising.  The  absorption  of  moisture  by  sponges, 
sugar,  salt,  &c.  are  familiar  examples  of  capillary  at- 
traction. Indeed,  the  pores  of  sugar  are  so  minute,^that 
there  seems  to  be  no  limit  to  the  ascent  of  the  liquid. 
Wine  is  drawn  up  in  a  curve  on  the  interior  surface 
of  a  glass;  tea  rises  above  its  level  on  the  side  of  a 
cup ;  but  if  the  glass  or  cup  be  too  full,  their  edges  attract 
the  liquid  downwards  and  give  it  a  rounded  form.  A 
column  of  liquid  will  rise  above  or  sink  below  its  level, 
between  two  plane  parallel  surfaces  when  near  to  one 
another,  according  to  the  relative  densities  of  the  plates 
and  the  liquid 2 ;  and  the  phenomena  will  be  exactly  the 
same,  as  in  a  cylindrical  tube  whose  diameter  is  double 
the  distance  of  the  plates  from  each  other.  If  the  two 
surfaces  be  very  near  to  one  another,  and  touch  each 
other  at  one  of  their  upright  edges,  the  liquid  will  rise 
highest  at  the  edges  that  are  in  contact,  and  will  gra- 
dually diminish  in  height  as  the  surfaces  become  more 
separated.  The  whole  outline  of  the  liquid  column 
»  Note  168.  a  Note  169. 
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•will  have  the  fonn  of  a  hyperbola.  Indeed,  so  univer- 
sal is  the  action  of  capillarity,  that  solids  and  liquids 
cannot  touch  one  another  without  producing  a  change  in 
the  form  of  the  surface  of  the  liquid. 

The  attractions  and  repulsions  arising  from  capil- 
larity present  many  curious  phenomena.  If  two  plates 
of  glass  or  metal,  both  of  which  are  either  dry  or  wet, 
be  partly  immersed  in  a  liquid  parallel  to  one  another, 
the  liquid  will  be  raised  or  depressed  close  to  their  sur- 
faces, but  will  maintain  its  level  through  the  rest  of  the 
space  that  separates  them.  At  such  a  distance  they 
neither  attract  nor  repel  one  another.  But  the  instant 
they  are  brought  so  near  as  to  make  the  level  part  of  the 
liquid  disappear  and  the  two  curved  parts  of  it  meet, 
the  two  plates  will  rush  towards  each  other  and  remain 
pressed  together.!  If  one  of  the  surfaces  be  wet  and 
the  other  dry,  they  will  repel  one  another  when  so  near 
as  to  have  a  curved  surface  of  liquid  between  them  ; 
but  if  forced  to  approach  a  little  nearer  the  repulsion 
will  be  overcome,  and  they  will  attract  each  other  as  if 
they  were  both  wet  or  both  dry.  Two  balls  of  pith  or 
wood  floating  in  water,  or  two  balls  of  tin  floating  in 
mercury,  attract  one  another  as  soon  as  they  are  so  near 
that  the  surface  of  the  liquid  is  curved  between  them. 
Two  ships  in  the  ocean  may  be  brought  into  collision  by 
this  principle.  But  two  balls,  one  of  which  is  wet  and 
the  other  dry,  repel  one  another  as  soon  as  the  liquid 
which  separates  them  is  curved  at  its  surface.  A  bit 
of  tea  leaf  is  attracted  by  the  edge  of  the  cup  if  wet,  and 
repelled  when  dry,  provided  it  be  not  too  far  from  the 
edge,  and  the  cup  moderately  full ;  if  too  full,  the 
contrary  takes  place.  It  is  probable  that  the  rise  of  the 
sap  in  vegetables  is  chiefly  owing  to  capillarity. 
» Note  170. 
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SECTION  XV. 

^ItALTSll    OF   THE    Atiimi'UZ&E.  —  ttS    mE^SrftE.  LAW    Of 

mitiMWA^K     iW     fJE?*ftlTY,  LAW     OF    tlKCrtf:A3iJ£     IVl    TKMPEft- 

ATtTRK^  -< —   >]EA3UKEME:>~T    OF    UEIUirTS    UT    THE    £Aaoai>:TEU- 

—  GftEJlT  HOtLOW  J  J*  C£!fT(lAL  ASJA-  EXtEliT    0»'    THE    AT- 

MOSPHEIRE.   OSCILLATIONS,  —  U  A  HO M  J^Tll JC A T     ThAHIATIONJI 

CUItKlCSPaNPlNU     TO    rilASES     OF    THE   ^IDON     NUT     OWING     TO 
QRAVirATJON.  ^ TR-AllE    WINHS COtrjTjffcH    CL'UHENTS. 

The  atmosphere  ia  not  homogeneoua.  It  ^tppears  from 
analysis  that,  of  100  parts,  79  RJe  azotic  ga8,  ajid  21 
oxygen  J  the  great  source  of  combuBtion  and  animitL  heat^ 
BeKidt-s  tbese^  there  are  three  or  fDur  parts  of  carbonic 
acid  gas  in  1000  parts  of  atmospheric  air.  These  pro- 
portions are  found  to  be  the  same  nt  all  beights  hitberttt 
attained  by  man.  The  air  is  an  elastic  fluidj  resisting 
pressure  in  every  direction,  and  is  subject  to  the  law 
of  gravitation-  As  the  space  in  the  top  of  the  tube  of  a 
barometer  ie  a  vacuum,  the  coluinu  of  mercury  suspend- 
ed by  the  pressuice  of  the  atmoapbere  on  die  surface  of 
the  cistern  is  a  measure  of  its  weight*  Consequeutlyj 
every  variation  in  the  density  occasions  a  corresponding 
rise  or  fall  in  tbe  barometrical  column.  The  j^ressure 
of  the  atmosphere  is  about  fifteen  pounds  on  every 
square  Inch,  so  that  the  surface  of  the  whole  globe  sua- 
iaina  s  weight  of  1 1 449000000  hundreds  of  miUiona  of 
pounds.  Shell -fish,  which  have  the  power  of  producing 
a  vacuum  J  atUiere  to  tlie  rocks  by  a  pressure  of  fifteen 
pounds  U}ion  every  square  inch  of  contact- 
Since  the  atmosphere  is  both  elastic  and  heavy,  its 
density  necessarily  diminishes  in  ascending  above  the 
surface  of  the  earthy  for  each  stratum  of  air  is  com- 
pressed only  by  tbe  w^eight  above  it-     Therefore  the 
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upper  strata  are  less  dense^  because  they  are  less  com- 
pressed^ than  those  below  them.     Whence  it  is  easy  to 
show^  supposing  the  temperature  to  be  constant^  that^ 
if  the  heights  above  the  earth  be  taken  in  increasing 
arithmetical  progression^ — that  is^  if  they  increase  by 
equal  quantities^  as  by  a  foot  or  a  mile^  the  densities  of 
the  strata  of  air^  or  the  heights  of  the  barometer^  which 
are  proportional  to  them^  will  decrease  in  geometrical 
progression.     For  example^  at  the  level  of  the  sea,  if 
the  mean  height  of  the  barometer  be  29*922  inches,  at 
the  height  of  18000  feet  it  will  be  14*96l  inches,  or 
one  half  as  great ;  at  the  height  of  S6000  feet  it  will  be 
one  fourth  as  great ;  at  54000  feet  it  will  be  one  eighth, 
and  so  on,  which  affords  a  method  of  measuring  the 
heights  of  mountains  with  considerable  accuracy,  and 
would  be  very  simple,  if  the  decrease  in  the  density  of 
the  air  were  exactly  according  to  the  preceding  law. 
But  it  is  modified  by  several  circumstances,  and  chiefly 
by  changes  of  temperature,  because  heat   dilates  the 
air  and  cold  contracts  it,  varying  ^-^-^  of  the  whole 
bulk,  when  at  32°,  for  every  degree  of  Fahrenheit's 
thermometer.      Experience    shows    that   the  heat  of 
the   air   decreases   as   the   height   above   the   surface 
of  the  earth  increases.     And  it  appears,  from  recent 
investigations,    that   the  mean   temperature   of  space 
is   58°  below  the   zero   point   of  Fahrenheit,  which 
would  probably  be  the  temperature  of  the  surface  of 
the  earth  also,   were  it  not   for  the  non-conducting 
power  of  the  air,  whence  it  is  enabled  to  retain  the 
heat  of  the  sun  s  rays,  which  the  earth  imbibes  and  ra. 
diates  in  all  directions.     The  decrease  in  heat  is  very 
irregular;  each  authority  gives  a  different  estimate ;  pro- 
bably because  the  decrease  varies  with  the  latitude  as 
well  as  the  height,  and  something  may  be  due  also  to 
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local  circumstances.   But^  from  the  mean  of  five  differ- 
ent statements^  it  seems  to  be  about  one  degree  for  every 
334  feet,  which  is  the  cause  of  the  severe  cold  and  eter- 
nal snows  on  the  summits  of  the  Alpine  chains.     Of 
the  various  methods  of  computing  heights  from  baro- 
metrical measurements,  that  of  Mr.  Ivory  has  the  advan- 
tage of  combining  accuracy  with  the  greatest  simplicity. 
The  most  remarkable  result  of  barometrical  measure- 
ment was  recently  obtained  by  Baron  von  Humboldt, 
showing  that  about  18,000  square  leagues  of  the  north- 
west of  Asia^  including  the  Caspian  Sea  and  the  Lake 
of  Aral,  are  more  than  320  feet  below  the  level  of  the 
surface  of  the  ocean  in  a  state  of  mean  equilibrium. 
This  enormous  basin  is  similar  to  some  of  those  large 
cavities  on  the  surface  of  the  moon,  and  is  attributed, 
by  M.  de  Humboldt,  to  the  upheaving  of  the  surround- 
ing mountain-chains  of  the  Himalaya,  of  Kuen-Lun,  of 
Thian-Chan,  to  those  of  Armenia,  of  Erzerum,  and  of 
Caucasus,  which,  by  undermining  the  country  to   so 
great  an  extent,  caused  it  to  settle  below  the  usual  level 
of  the  sea.     The  very  contemplation  of  the  destruction 
that  would  ensue  from  the  bursting  of  any  of  those  bar- 
riers which  now  shut  out  the  sea,  is  fearful.     In  conse- 
quence of  the  diminished  pressure  of  the  atmosphere, 
water  boils  at  a  lower  temperature  on  the  mountain- 
tops  than  in  the  valleys,  which  induced  Fahrenheit  to 
propose  this  mode  of  observation  as  a  method  of  ascer- 
taining their  heights.     But  although  an  instrument  was 
constructed  for  that  purpose  by  Archdeacon  WoUaston, 
it  does  not  appear  to  have  been  much  employed. 

The  atmosphere,  when  in  equilibrio,  is  an  ellipsoid 
flattened  at  the  poles  from  its  rotation  with  the  earth- 
In  that  state  its  strata  are  of  uniform  density  at  equal 
heights  above  the  level  of  the  sea,  and  it  is  sensibly  of 
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finite  extent^  whether  it  consists  of  particles  infinitely 
divisible  or  not.  On  the  latter  hypothesis^  it  must 
really  be  finite^  and  even  if  its  particles  be  infinitely 
divisible^  it  is  known^  by  experience^  to  be  of  extreme 
tenuity  at  very  small  heights.  The  barometer  rises  in 
proportion  to  the  superincumbent  pressure.  At  the 
level  of  the  sea,  in  the  latitude  of  45°,  and  at  the  tem- 
perature of  melting  ice,  the  mean  height  of  the  barome- 
ter being  29*9^2  inches,  the  density  of  air  is  to  the 
density  of  a  similar  volume  of  mercury,  as  1  to  10477*9« 
Consequently,  the  height  of  the  atmosphere,  supposed 
to  be  of  uniform  density,  would  be  about  4*95  miles. 
But  as  the  density  decreases  upwards  in  geometrical 
progression,  it  is  considerably  higher,  probably  about 
fifty  miles.  The  air,  even  on  the  mountain  tops,  is 
sufficiently  rare  to  diminish  the  intensity  of  sound,  to 
afiect  respiration,  and  to  occasion  a  loss  of  muscular 
strength.  The  blood  burst  from  the  lips  and  ears  of 
M.  de  Humboldt  as  he  ascended  the  Andes;  and  he  ex- 
perienced the  same  difficulty  in  kindling  and  maintain* 
ing  a  fire  at  great  heights  which  Marco  Polo  the 
Venetian  felt  on  the  mountains  of  Central  Asia.  At 
the  height  of  thirty.seven  miles,  the  atmosphere  is  still 
dense  enough  to  reflect  the  rays  of  the  sun  when 
eighteen  degrees  below  tbe  horizon.  And  although  at 
the  height  of  fifty  miles,  the  bursting  of  the  meteor  of 
1783  was  heard  on  earth  like  the  report  of  a  cannon,  it 
only  proves  the  immensity  of  the  explosion  of  a  mass, 
half  a  mile  in  diameter,  which  could  produce  a  sound, 
capable  of  penetrating  air  three  thousand  times  more 
rare  than  that  we  breathe.  But  even  these  heights  are 
extremely  small  when  compared  with  the  radius  of  the 
earth. 

The  expansion  of  the  atmosphere  from  the  heat  of 
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the  sun  occasions  diurnal  variations  in  the  height  of  the 
barometer.  There  are  nocturnal  oscillations  also  as 
regular  as  those  of  the  day^  though  not  to  the  same 
extent. 

The  sun  and  moon  disturb  the  equilibrium  of  the 
atmosphere  by  their  attraction^  producing  oscillations 
similar  to  those  in  the  ocean^  which  ought  to  occasion 
periodic  variations  in  the  heights  of  the  barometer. 
These,  however,  arc  so  extremely  small,  that  their  ex- 
istence in  latitudes  far  removed  from  the  equator  is 
douhtfuL  M.  Arago  has  lately  been  even  led  to 
conclude,  that  the  barometrical  variations  corresponding 
to  the  phases  of  the  moon  are  the  effects  of  some  special 
cause,  totally  different  from  attraction,  of  which  the 
nature  and  mode  of  action  are  unknown.  La  Place 
seems  to  think  that  the  flux  and  reflux  distinguishable 
at  Paris,  may  be  occasioned  by  the  rise  and  fall  of  the 
ocean,  which  forms  a  variable  base  to  so  great  a  portion 
of  the  atmosphere. 

The  attraction  of  the  sun  and  moon  has  no  sensible 
eflect  on  the  trade  winds.  The  heat  of  the  sun  occa- 
sions these  aerial  currents,  by  rarefying  the  air  at  the 
equator,  which  causes  the  cooler  and  more  dense  part 
of  the  atmosphere  to  rush  along  the  surface  of  the  earth 
to  the  equator,  while  that  which  is  heated  is  carried 
along  the  higher  strata  to  the  poles,  forming  two  counter 
currents  in  the  direction  of  the  meridian.  But  the  ro. 
tatory  velocity  of  the  air,  corresponding  to  its  geogra- 
phical position,  decreases  towards  the  poles.  In  ap- 
proaching the  equator,  it  must  therefore  revolve  more 
slowly  than  the  corresponding  parts  of  the  earth,  and 
the  bodies  on  the  surface  of  the  earth  must  strike  against 
it  with  the  excess  of  their  velocity,  and,  by  its  re-action, 
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they  will  meet  with  a  resistance  contrary  to  their  motion 
of  rotation.  So  that  the  wind  will  appear  to  a  person 
supposing  himself  to  he  at  rest,  to  hlow  in  a  direction 
nearly  though  not  altogether  contrary  to  the  earth's 
rotation ;  hecause  these  currents  will  still  retain  a  part 
of  their  northerly  and  southerly  impetus^  which,  com- 
hining  with  their  deficiency  of  rotatory  velocity,  will 
make  them  appear  to  hlow  from  the  north-east  on  one 
side  of  the  equator,  and  from^  the  south-east  on  the 
other,  which  is  the  direction  of  the  trade  winds.  These 
winds,  however,  are  not  felt  at  all  under  the  line,  be- 
cause the  easterly  tendency  of  the  two  great  polar  cur- 
rents is  gradually  diminished  as  they  approach  the 
equator,  hy  the  friction  of  the  earth,  which  slowly  im- 
parts a  portion  of  its  rotatory  velocity  to  them' as  they 
pass  along,  and  when  they  meet  in  the  equator  they 
destroy  one  another's  impetus.  The  equator  does  not 
exactly  coincide  with  the  line  which  separates  the  trade 
winds  north  and  south  of  it.  That  line  of  separation 
depends  upon  the  total  difference  of  heat  in  the  two 
hemispheres,  arising  from  the  distribution  of  land  and 
water,  and  other  causes. 

The  polar  currents,  from  defect  of  rotatory  velocity, 
tend  hy  their  friction  near  the  equator,  to  diminish 
the  velocity  of  the  earth's  rotation ;  while  on  the  con- 
trary, the  equatorial  or  upper  currents  carry  their 
excess  of  rotatory  velocity  north  and  south.  And,  as 
they  occasionally  come  to  the  surface  in  their  passage 
to  the  poles,  they  act  on  the  earth  hy  their  friction,  as 
a  strong  jsouth-west  wind  in  the  northern  hemisphere, 
af)d  as  a  north-west  wind  in  the  southern.  In  this 
manner  the  equilibrium  of  rotation  is  maintained.  Sir 
John  Herschel  ascribes  to  this  cause  the  western  and 
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south-western  gales^  so  prevalent  in  our  latitudes^  and 
also  the  west  winds^  which  are  so  constant  in  the  North 
Atlantic. 

There  are  many  proofs  of  the  existence  of  the  counter 
currents  above  the  trade  winds.  On  the  Peat  of  Tene- 
ri^j  the  prevailing  winds  are  from  the  west.  The 
ashes  of  the  volcano  of  St.  Vincent's,  in  the  year  1812, 
were  carriod  to  windward  as  far  lis  the  island  of  Bar-* 
badocSj  by  the  upper  current.  The  captain  of  a  Bristol 
ship  declared  that,  on  that  occasionj  dust  from  St.  V'in., 
centos  fell  to  the  depth  of  five  inches  on  the  deck  at  the 
distance  of  500  miles  to  the  eastward.  Light  clouds 
have  frequently  been  seen  moving  rapidly  from  west  to 
east  at  a  very  great  height  above  the  trade  winds,  which 
were  sweeping  along  the  surface  of  the  ocean  in  a 
contrary  direction. 
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SECTION  XVI. 

SOUND.  FAOFAGATION    OF    SOUND    ILLUSTRATED    BY    A     FIKLD 

OF    STANDINO    CORN.  —  NATURE    OF    WAVES.  —  FROFAGATION 

OF     SOUND     THROUGH     THE      ATMOSFHEKE.  — »  INTENSITY.    

NOISES.  A    MUSICAL     SOUND.  QUALITY. FITCH.  EX- 
TENT   OF     HUMAN   HEARING. VELOCITY   OF    SOUND    IN   AIR, 

WATER,     AND      SOLIDS.  ^-  CAUSES     OF     THE     OBSTRUCTION     OF 

SOUND. LAW   OF    ITS    INTENSITY. REFLECTION    OF   SOUND. 

ECHOS. THUNDER. REFRACTION    OF     SOUND. INTER- 
FERENCE   OF   SOUNDS. 

One  of  the  most  important  uses  of  the  atmosphere  is 
the  conveyance  of  sound.  Without  the  air^  death-like 
silence  would  prevail  through  nature^  for^  in  common 
with  all  substances^  it  has  a  tendency  to  impart  vi- 
brations to  bodies  in  contact  with  it.  Therefore  un- 
dulations received  by  the  air,  whether  it  be  from  a 
sudden  impulse,  such  as  an  explosion,  or  the  vibrations 
of  a  musical  chord,  are  propagated  in  every  direc- 
tion, and  produce  the  sensation  of  sound  upon  the 
auditory  nerves.  A  bell  rung,  imder  the  exhausted  re- 
ceiver of  an  air-pump^  is  inaudible,  which  shows  that 
the  atmosphere  is  really  the  medium  of  sound.  In  the 
small  undulations  of  deep  water  in  a  calm,  the  vibrations 
of  the  liquid  particles  are  made  in  the  vertical  plane, 
that  is,  up  and  down,  or  at  right  angles  to  the  direction 
of  the  transmission  of  the  waves.  But  the  vibrations 
of  the  particles  of  air  which  produce  sound  difi^r  from 
these,  being  performed  in  the  same  direction  in  which  the 
waves  of  sound  travel.  The  propagation  of  sound  may 
be  illustrated  by  a  field  of  com  agitated  by  a  gust  of 
wind.     However  irregular  the  motion  of  the  com  may 
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seem  on  a  superficial  view^  it  will  be  founds  if  the  in. 
tensity  of  the  wind  be  constant,  that  the  waves  are  all 
precisely  similar  and  equal,  and  that  all  are  separated 
by  equal  intervals,  and  move  in  equal  times. 

A  sudden  blast  depresses  each  ear  equally  and  succes- 
sively in  the  direction  of  the  wind  ;  but  in  consequence 
of  the  elasticity  of  the  stalks  and  the  force  of  the  im- 
pulse, each  ear  not  only  rises  again  as  soon  as  the  pres- 
sure is  removed,  but  bends  back  nearly  as  much  in  the 
contrary  direction,  and  then  continues  to  oscill&te 
backwards  and  forwards,  in  equal  times,  like  a  pendu- 
lum, to  a  less  and  less  extent,  till  the  resistance  of  the 
air  puts  a  stop  to  the  motion.  These  vibrations  are 
the  same  for  every  individual  ear  of  corn.  Yet  as  their 
oscillations  do  not  all  commence  at  the  same  time,  but 
successively,  the  ears  will  have  a  variety  of  positions  at 
any  one  instant.  Some  of  the  advancing  ears  will  meet 
others  in  their  returning  vibrations,  and  as  the  times  of 
oscillation  are  equal  for  all,  they  will  be  crowded  to- 
gether at  regular  intervals.  Between  these,  there  will 
occur  equal  spaces  where  the  ears  will  be  few,  in  con- 
sequence of  being  bent  in  opposite  directions ;  and  at 
other  equal  intervals  they  will  be  in  their  natural  up- 
right positions.  So  that  over  the  whole  field  there  will 
be  a  regular  series  of  condensations  and  rarefactions 
among  the  ears  of  corn,  separated  by  equal  intervals, 
where  they  will  be  in  their  natural  state  of  density.  In 
consequence  of  these  changes,  the  field  will  be  marked 
by  an  alternation  of  bright  and  dark  bands.  Thus  the  suc- 
cessive waves  which  fly  over  the  com  with  the  speed  of  the 
wind  are  totally  distinct  from,  and  entirely  independent 
of,  the  extent  of  the  oscillations  of  each  individual  ear, 
though  both  take  place  in  the  same  direction.  The 
length  of  a  wave  is  equal  to  the  space  between  two  ears 
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precisely  in  the  same  state  of  motion^  or  which  are 
oving  similarly,  and  the  time  of  the  vibration  of  each 
ear  is  equal  to  that  which  elapses  between  the  arrival 
of  two  successive  waves  at  the  same  point.  The  only 
difference  between  the  undulations  of  a  corn-field  and 
those  of  the  air  which  produce  sound  is,  that  each  ear 
of  corn  is  set  in  motion  by  an  external  cause,  and  is 
uninfluenced  by  the  motion  of  the  rest ;  whereas  in  air, 
which  is  a  compressible  and  elastic  fluid,  when  one 
particle  begins  to  oscillate,  it  communicates  its  vibrations 
to  the  surrounding  particles,  which  transmit  them  to 
those  adjacent,  and  so  on  continually.  Hence,  from 
the  successive  vibrations  of  the  particles  of  air,  the  same 
regular  condensations  and  rarefactions  take  place  as  in 
the  field  of  com,  producing  waves  throughout  the 
whole  mass  of  air,  though  each  molecule,  like  each 
individual  ear  of  corn,  never  moves  far  from  its  state  of 
rest.  The  small  waves  of  a  liquid,  and  the  undulations 
of  the  air,  like  waves  in  the  corn,  are  evidently  not  real 
masses  moving  in  the  direction  in  which  they  are  ad- 
vancing, but  merely  outlines,  motions,  or  forms  rush- 
ing along,  and  comprehending  all  the  particles  of  an 
undulating  fluid,  which  are  at  once  in  a  vibratory 
state.  It  is  thus  that  an  impulse  given  to  any  one  point  of 
the  atmosphere  is  successively  propagated  in  aU  direc 
tions,  in  waves  diverging  as  from  the  centre  of  a  sphere  to 
greater  and  greater  distances,  but  with  decreasing  in- 
tensity, in  consequence  of  the  increasing  number  of 
particles  of  inert  matter  which  the  force  has  to  move ; 
like  the  waves  formed  in  still  water  by  a  fallen  stone, 
which  are  propagated  circularly  all  around  the  centre  of 
disturbance.^  These  successive  spherical  waves  are 
only  the  repercussions  of  the  condensations  and  mo. 

'  Note  154. 
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tions  of  the  first  particles  to  which  the  impulse  was 
given. 

The  intensity  of  sound  depends  upon  the  violence 
and  extent  of  the  initial  vibrations  of  air ;  hut  whatever 
diey  may  he,  each  undulation,  when  once  formed,  can 
only  be  transmitted  straight  forwards,  and  never  returns 
back  again,  unless  when  reflected  by  an  opposing  ob- 
stacle. The  vibrations  of  the  aerial  molecules  are 
always  extremely  small,  whereas  the  waves  of  sound 
vary  from  a  few  inches  to  several  feet.  The  various 
kinds  of  musical  instruments,  the  human  voice, 
and  that  of  animals,  the  singing  of  birds,  the  hum  of 
insects,  the  roar  of  the  cataract,  the  whistling  of  the 
wind,  and  the  other  nameless  peculiarities  of  sound,  at 
once  show  an  infinite  variety  in  the  modes  of  aerial 
vibrations,  and  the  astonishing  acuteness  and  delicacy 
of  the  ear,  thus  capable  of  appreciating  the  minutest 
differences  in  the  laws  of  molecular  oscillation. 

All  mere  noises  are  occasioned  by  irregular  impulses 
communicated  to  the  ear,  and  if  they  be  short,  sudden, 
and  repeated  beyond  a  certain  degree  of  quickness,  the 
ear  loses  the  intervals  of  silence,  and  the  sound  appears 
continuous.  Still  such  sounds  will  be  mere  noise :  in 
order  to  produce  a  musical  sound,  the  impulses,  and, 
consequently,  the  undulations  of  the  air,  must  be  all 
exactly  similar  in  duration  and  intensity,  and  must  re. 
cur  after  exactly  equal  intervals  of  time.  If  a  blow  be 
given  to  the  nearest  of  a  series  of  broad,  flat,  and  equi- 
distant palisades,  set  edgewise  in  a  line  direct  from  the 
ear,  each  palisade  will  repeat  or  echo  the  sound ;  and 
these  echos  returning  to  the  ear,  at  successive  equal  in- 
tervals of  time,  will  produce  a  musical  note.  The  qua- 
lity of  a  musical  note  depends  upon  the  abruptness,  and 
its  intensity  upon  the  violence  and  extent  of  the  original 
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impulse.  In  the  theory  of  harmony  the  only  property 
of  sound  taken  into  consideration  is  the  pitchy  which 
varies  with  the  rapidity  of  the  vibrations.  The  grave,  or 
low  tones,  are  produced  by  very  slow  vibrations,  which 
increase  in  frequency,  as  the  note  becomes  more  acute. 
Very  deep  tones  are  not  heard  by  all  alike;  and  Dr. 
WoUaston,  who  made  a  variety  of  experiments  on  the 
sense  of  hearing,  found  that  many  people,  though  not  at 
all  deaf,  are  quite  insensible  to  the  cry  of  the  bat  or  the 
cricket,  while  to  others  it  is  painfully  shrill.  From  this 
he  concluded,  that  human  hearing  is  limited  to  about 
nine  octaves,  extending  from  the  lowest  note  of  the  organ 
to  the  highest  known  cry  of  insects ;  and  he  observes, 
with  his  usual  originality,  that,  '^  as  there  is  nothing  in 
the  nature  of  the  atmosphere  to  prevent  the  existence 
of  vibrations  incomparably  more  frequent  than  any  of 
which  we  are  conscious,  we  may  imagine  that  animals, 
like  the  Grylli,  whose  powers  appear  to  commence 
nearly  where  ours  terminate,  may  have  the  faculty  of 
hearing  still  sharper  sounds  which  we  do  not  know  to 
exist,  and  that  there  may  be  other  insects  hearing 
nothing  in  common  with  us,  but  endowed  with  a  power 
of  exciting,  and  a  sense  which  perceives  vibrations  of 
the  same  nature,  indeed,  as  those  which  constitute  our 
ordinary  sounds,  but  so  remote,  that  the  animals  who 
perceive  them  may  be  said  to  possess  another  sense, 
agreeing  with  our  own,  solely  in  the  medium  by  which 
it  is  excited." 

M.  Savart,  so  well  known  for  the  number  and  beauty 
of  his  researches  in  acoustics,  has  proved  that  a  high 
note  of  a  given  intensity  being  heard  by  some  ears  and 
not  by  others,  must  not  be  attributed  to  its  pitch,  but  to 
its  feebleness.  The  experiments  of  that  gentleman,  as 
well  as  those  more  recently  made  by  Professor  Wheat- 
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stone^  show^  that  if  the  pulses  could  he  rendered  suffi- 
ciently powerful^  it  would  be  difficult  to  ^x  a  limit  to 
human  hearing  at  either  end  of  the  scale.  M.  Savart 
had  a  wheel  made  about  nine  inches  in  diameter  with 
360  teeth  set  at  equal  distances  round  its  rim^  so  thai 
while  in  motion  each  tooth  successively  hit  on  a  piece 
of  card.  The  tone  increased  in  pitch  with  the  rapidity 
of  the  rotation^  and  was  very  pure  when  the  number  of 
strokes  did  not  exceed  three  or  four  thousand  in  a  se- 
cond^ but  beyond  that  it  became  feeble  and  indistinct. 
With  a  wheel  of  a  larger  size,  a  much  higher  tone  could 
be  obtained,  because,  the  teeth  being  wider  apart,  the 
blows  were  more  intense  and  more  separated  firom  one 
another.  With  720  teeth  on  a  wheel  thirty-two  inches 
in  diameter,  the  sound  produced  by  12,000  strokes  in  a 
second  was  audible,  which  corresponds  to  24,000  vibra- 
tions of  a  musical  chord.  So  that  the  human  ear  can 
appreciate  a  sound  which  only  lasts  the  24,000th  part 
of  a  second.  This  note  was  distinctly  heard  by  M. 
Savart  and  by  several  people  who  were  present,  which 
convinced  him,  that  with  another  apparatus,  still  more 
acute  sounds  might  be  rendered  audible. 

For  the  deep  tones  M.  Savart  employed  a  bar  of 
iron,  two  feet  eight  inches  long,  about  two  inches 
broad,  and  half  an  inch  in  thickness,  which  revolved 
about  its  centre,  as  if  its  arms  were  the  spokes  of 
wheel.  When  such  a  machine  rotates,  it  impresses  a 
motion  on  the  air  similar  to  its  own,  and  when  a  thin 
board  or  card  is  brought  dose  to  its  extremities  the  cur- 
rent of  air  is  momentarily  interrupted  at  the  instant 
each  arm  of  the  bar  passes  before  the  card,  it  is  com. 
pressed  above  the  card  and  dilated  below;  but  the 
instant  the  spoke  has  passed,  a  rush  of  air  to  restore 
equilibrium  makes  a  kind  of  explosion,  and  when  these 
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succeed  each  other  rapidly,  a  musical  note  is  produced^ 
of  a  pitch  proportional  to  the  velocity  of  the  revolution. 
When  M.  Savart  turned  this  har  slowly^  a  succession  of 
single  beats  was  heard ;  as  the  velocity  became  greater  the 
sound  was  only  a  rattle^  but  as  soon  as  it  was  sufficient 
to  give  eight  beats  in  a  second^  a  very  deep  musical  note 
was  distinctly  audible^  corresponding  to  sixteen  single 
vibrations  in  a  second^  which  is  the  lowest  that  has  been 
hitherto  produced.  When  the  velocity  of  the  bar  was 
much  increased^  the  intensity  of  the  sound  was  hardly 
bearable.  The  spokes  of  a  revolving  wheel  produce  the 
sensation  of  sounds  on  the  very  same  principle  that  a 
burning  stick  whirled  round  gives  the  impression  of  a 
luminous  circle.  The  vibrations  excited  in  the  organ 
of  hearing  by  one  beat  have  not  ceased  before  another 
impulse  is  given.  Indeed^  it  is  indispensable  that  the 
impressions  made  upon  the  auditory  nerves  should  en- 
croach upon  each  other^  in  order  to  produce  a  full  and 
continued  note.  On  the  whole^  M.  Savart  has  come  to 
the  conclusion^  that  the  most  acute  sounds  would  be 
heard  with  as  much  ease  as  those  of  a  lower  pitchy  if 
the  duration  of  the  sensation  produced  by  each  pulse 
could  be  diminished  proportionally  to  the  augmentation 
of  the  number  of  pulses  in  a  given  time ;  and^  on  the 
contrary,  if  the  duration  of  the  sensation  produced  by 
each  pulse  could  be  increased  in  proportion  to  their 
number  in  a  given  time,  that  the  deepest  tones  would  be 
as  audible  as  any  of  the  others. 

The  velocity  of  sound  is  uniform,  and  is  independent 
of  the  nature,  extent,  and  intensity  of  the  primitive 
disturbance.  Consequently  sounds  of  every  quality 
and  pitch  travel  with  equal  speed.  The  smallest  dif- 
ference in  their  velocity  is  incompatible  either  with 
harmony  or  melody,  for  notes  of  different  pitches  and 
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intensities^  sounded  together  at  a  little  distance^  would 
arrive  at  the  ear  in  different  times.  A  rapid  succession 
of  notes  would  in  this  case  produce  confusion  and  dis- 
cord. But  as  the  rapidity  with  whidi  sound  is  trans- 
mitted depends  upon  the  elasticity  of  the  medium 
through  which  it  has  to  pass^  whatever  tends  to  increase 
the  elasticity  of  the  air  must  also  accelerate  the  motion  of 
sound.  On  that  account  its  velocity  is  greater  in  warm 
than  in  cold  weather^  supposing  the  pressure  of  the  atmo- 
sphere constant.  In  dry  air^  at  the  freezing  temperature^ 
sound  travels  at  the  rate  of  1089  feet  in  a  second^  and 
at  62°  of  Fahrenheit^  its  speed  is  1 123  feet  in  the  same 
time,  or  765  miles  an  hour,  which  is  ahout  three  fourths 
of  the  diurnal  velocity  of  the  earth's  equator.  Since 
all  the  phenomena  of  the  transmission  of  sound  are  sim- 
ple consequences  of  the  physical  properties  of  the  air, 
they  have  been  predicted  and  computed  rigorously  by  the 
laws  of  mechanics.  It  was  found,  however,  that  the 
velocity  of  sound,  determined  by  observation,  exceeded 
what  it  ought  to  have  been  theoretically  by  173  feet, 
or  about  one  sixth  of  the  whole  amount.  La  Place 
suggested  that  this  discrepancy  might  arise  from  the  in- 
creased elasticity  of  the  air,  in  consequence  of  a  develope- 
ment  of  latent  heat^  during  the  undulations  of  sound,  and 
the  result  of  calculation  fully  confirmed  the  accuracy  of  his 
views.  The  aerial  molecules,  being  suddenly  compressed, 
give  out  their  latent  heat ;  and,  as  air  is  too  bad  a  con- 
ductor to  carry  it  rapidly  off,  it  occasions  a  momentary 
and  local  rise  of  temperature,  which,  increasing  the 
consecutive  expansion  of  the  air,  causes  a  still  greater 
developement  of  heat,  and  as  it  exceeds  that  which  is 
absorbed  in  the  next  rarefaction,  the  air  becomes  yet 
warmer,  which  favours  the  transmission  of  sound.   Ana- 

*  Note  171. 
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lysis  gives  the  true  velocity  of  sound,  in  terms  of  the 
elevation  of  temperature  that  a  mass  of  air  is  capable  of 
communicating  to  itself,  by  the  disengagement  of  its 
own  latent  heat,  when  it  is  suddenly  compressed  in  a 
given  ratio.  This  change  of  temperature,  however, 
cannot  be  obtained  direcdy  by  experiment ;  but  by 
inverting  the  problem,  and  assuming  the  velocity  of 
sound  as  given  by  experiment,  it  was  computed  that 
the  temperature  of  a  mass  of  air  is  raised  nine  tenths  of 
a  degree,  when  the  compression  is  equal  to  ^J^  of  its 
volume. 

Probably  all  liquids  are  elastic,  though  considerable 
force  is  required  to  compress  them.  Water  suffers  a 
condensation  of  nearly  0*0000496  for  every  atmosphere 
of  pressure,  and  is  consequently  capable  of  conveying 
sound  even  more  rapidly  than  air,  the  velocity  in  the 
former  being  4708  feet  in  a  second.  A  person  under 
water  hears  sounds  made  in  air  feebly,  but  those  pro- 
duced in  water  very  distinctly.  According  to  the  ex- 
periments of  M.  Colladon,  the  sound  of  a  bell  was 
conveyed  under  water  through  the  Lake  of  Geneva  to 
the  distance  of  about  nine  miles.  He  also  perceived  that 
the  progress  of  sound  through  water  is  greatly  impeded 
by  the  interposition  of  any  object,  such  as  a  projecting 
wall ;  consequently  sound  under  water  resembles  light, 
in  having  a  distinct  shadow.  It  has  much  less  in  air, 
being  transmitted  all  round  buildings,  or  other  obstacles, 
80  as  to  be  heard  in  every  direction,  though  often  with  a 
considerable  diminution  of  intensity,  as  when  a  carriage 
turns  the  corner  of  a  street. 

The  velocity  of  sound,  in  passing  through  solids,  is  in 
proportion  to  their  hardness,  and  is  much  greater  than 
in  air  or  water.  A  sound  which  takes  some  time  in 
travelling  through  the  air,  passes  almost  instantaneously 
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along  a  wire  six  hundred  feet  long ;  consequently  it  is 
heard  twice, — first  as  communicated  hy  the  wire^  and 
afterwards  through  the  medium  of  the  air.  The  facility 
with  which  the  vibrations  of  sound  are  transmitted 
along  the  grain  of  a  log  of  wood  is  well  known.  Indeed^ 
they  pass  through  iron,  glass,  and  some  kinds  of  wood, 
at  the  rate  of  18,530  feet  in  a  second.  The  velocity  of 
sound  is  obstructed  by  a  variety  of  circumstances,  such  as 
falling  snow,  fog,  rain,  or  any  other  cause  which  disturbs 
the  hom(^eneity  of  the  medium  through  which  it  has  to 
pass.  M.  de  Humboldt  says,  that  it  is  on  account  of  the 
greater  homogeneity  of  the  atmosphere  during  the  night 
that  sounds  are  then  better  heard  than  during  the  day, 
when  its  density  is  perpetually  changing  from  partial 
variations  of  temperature.  His  attention  was  called  to 
this  subject  by  the  rushing  noise  of  the  great  cataracts 
of  the  Orinoco,  which  seemed  to  be  three  times  as  loud 
during  the  night  as  in  the  day,  from  the  plain  surround- 
ing the  Mission  of  the  Apures.  This  he  illustrated  by 
a  celebrated  experiment.  A  tall  glass,  half  full  of 
champagne,  cannot  be  made  to  ring  as  long  as  the  effer- 
vescence lasts.  In  order  to  produce  a  musical  note,  the 
glass,  together  with  the  liquid  it  contains,  must  vi- 
brate in  unison  as  a  system,  which  it  cannot  do^  in  con- 
sequence of  the  fixed  air  rising  through  the  wine  and 
disturbing  its  homogeneity,  because,  the  vibrations  of 
the  gas  being  much  slower  than  those  of  the  liquid, 
the  velocity  of  the  sound  is  perpetually  interrupted. 
For  the  same  reason,  the  transmission  of  sound  as  well 
as  light  is  impeded  in  passing  through  an  atmosphere  of 
variable  density.  Sir  John  Herschel,  in  his  admirable 
Treatise  on  Sound,  thus  explains  the  phenomenon:--* 
''  It  is  obvious,"  he  says,  ^'  that  sound  as  well  as  light 
must  be  obstructed,  stifled,  and  dissipated  from  its  ori- 
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ginal  direction  by  the  mixture  of  air  of  different  tem- 
peratures, and  consequently  elasticities;  and  thus  the 
same  cause  which  produces  that  extreme  transparency  of 
the  air  at  night,  which  astronomers  alone  fully  appreciate, 
renders  it  also  more  favourable  to  sound.  There  is  no 
doubt,  however,  that  the  universal  and  dead  silence, 
generally  prevalent  at  night,  renders  our  auditory  nerves 
sensible  to  impressions  which  would  otherwise  escape 
notice.  The  analogy  between  sound  and  light  is  perfect 
in  this  as  in  so  many  other  respects.  In  the  general 
light  of  day  the  stars  disappear.  In  the  continual  hum 
of  voices,  which  is  always  going  on  by  day,  and  which 
reach  us  from  all  quarters,  and  never  leave  the  ear  time 
to  attain  complete  tranquillity,  those  feeble  sounds 
which  catch  our  attention  at  night  make  no  impression. 
The  ear,  like  the  eye,  requires  long  and  perfect  repose 
to  attain  its  utmost  sensibility." 

Many  instances  may  be  brought  in  proof  of  the 
strength  and  clearness  with  which  sound  passes  over  the 
surface  of  water  or  ice.  Lieutenant  Foster  was  able  to 
carry  on  a  conversation  across  Port  Bowen  harbour, 
when  frozen,  a  distance  of  a  mile  and  a  half. 

The  intensity  of  sound  depends  upon  the  extent  of 
the  excursions  of  the  fluid  molecules,  on  the  energy  of 
the  transient  condensations  and  dilatations,  and  on  the 
greater  or  less  number  of  particles  which  experience 
these  effects.  We  estimate  that  intensity  by  the  im- 
petus of  these  fluid  molecules  on  our  organs,  which  is 
consequently  as  the  square  of  the  velocity,  and  not  by 
their  inertia,  which  is  as  the  simple  velocity.  Were  the 
latter  the  case,  there  would  be  no  sound,  because  the 
inertia  of  the  receding  waves  of  air  would  destroy  the 
equal  and  opposite  inertia  of  those  advancing ;  whence  it 
may  be  concluded,  that   the  intensity  of  sound  di- 
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minishes  inversely  as  the  square  of  the  distance  from  its 
origin.  lu  a  tuhe,  however,  the  force  of  sound  does  not 
decay  as  in  open  air,  unless,  perhaps,  hy  friction  against 
the  sides.  M.  Biot  found,  from  a  number  of  highly 
interesting  experiments  which  he  made  on  the  pipes  of 
the  aqueducts  in  Paris,  that  a  continued  conversation 
could  be  carried  on,  in  the  lowest  possible  whisper, 
through  a  cylindrical  tube  about  3120  feet  long,  the 
time  of  transmission  through  that  space  being  2*79 
seconds.  In  most  cases  sound  diverges  in  all  directions, 
so  as  to  occupy  at  any  one  time  a  spherical  surface; 
but  Dr.  Young  has  shown  that  there  are  exceptions,  as, 
for  example,  when  a  flat  surface  vibrates  only  in  one 
direction.  The  sound  is  then  most  intense  when  the 
ear  is  at  right  angles  to  the  surface,  whereas  it  is 
scarcely  audible  in  a  direction  precisely  perpendicular  to 
its  edge.  In  this  case  it  is  impossible  that  the  whole 
of  the  surrounding  air  can  be  affected  in  the  same  man- 
ner, since  the  particles  behind  the  sounding  surface 
must  be  moving  towards  it,  whenever  the  particles  be- 
fore it  are  retreating.  Hence  in  one  half  of  the  sur- 
rounding sphere  of  air  its  motions  are  retrograde,  while 
in  the  other  half  they  are  direct ;  consequently  at  the 
edges,  where  these  two  portions  meet,  the  motions  of 
the  air  will  neither  be  retrograde  nor  direct,  and  there- 
fore it  must  be  at  rest. 

It  appears  from  theory  as  well  as  daily  experience,  that 
sound  is  capable  of  reflection  from  surfaces  i,  accord- 
ing to  the  same  laws  as  light.  Indeed,  any  one  who  has 
observed  the  reflection  of  the  waves  from  a  wall  «n  the 
side  of  a  river,  or  very  wide  canal,  after  the  passage  of 
a  steam-boat,  will  have  a  perfect  idea  of  the  reflection 
of  sound  and  of  light.     As*  every  substance  in  nature  is 

»  Note  172. 
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more  or  less  elastic,  it  may  be  agitated  according  to  its 
own  law^  by  the  impulse  of  a  mass  of  undulating  air ; 
but  reciprocally^  the  surface  by  its  re-action  will  com- 
municate its  undulations  back  again  into  the  air.    Such 
reflections  produce  ecbos^  and  as  a  series  of  them  may 
take  place  between  two  or  more  obstacles^  each  will 
cause  an  echo  of  the  original  sounds  growing  fainter  and 
fainter  till  it  dies  away ;  because  sound,  like  light,  is 
weakened  by  reflection.     Should  the  reflecting  surface 
be  concave  towards  a  person,  the  sound  will  converge 
towards  him  with  increased  intensity,  which  will  be 
greater  still  if  the  surface  be  spherical  and  concentric 
with  him.     Undulations  of  sound  diverging  from  one 
focus  of  an  elliptical  shell  ^  converge  in  the  other  after 
reflection.     Consequently  a  sound  from  the  one  will  be 
heard  in  the  other  as  if  it  were  close  to  the  ear.     The 
rolling  noise  of  thunder  has  been  attributed  to  rever- 
beration between  different  clouds^  which  may  possibly  be 
the  case  to  a  certain  extent.     But  Sir  John  Herschel  is 
of  opinion,  that  an  intensely  prolonged  peal  is  probably 
owing  to  a  combination  of  sounds,  because  the  velocity 
of  electricity  being  incomparably  greater  than  that  of 
sound,  the  thunder  may  be  regarded  as  originating  in 
every  point  of  a  flash  of  lightning  at  the  same  instant. 
The  sound  from  the  nearest  point  will  arrive  first,  and 
if  the  flash  run  in  a  direct  line  from  a  person,  the  noise 
will  come  later  and  later  from  the  remote  points  of  its 
path  in  a  continued  roar.     Should  the  direction  of  the  . 
flash  be  incUned,  the  succession  of  sounds  will  be  more 
rapid  and  intense,  and  if  the  lightning  describe  a  cir- 
cular curve  round  a  person,  the  sound  will  arrive  from 
every  point  at  the  same  instant  with  a  stunning  crash. 
In  like  manner,  the  subterranean  noises  heard  during 

»  Note  17a 

Digitized  by  VjOOQIC 


e^thquakeg^  like  distant  tlmtiderj  may  arise  from  the 
consecutive  arrival  at  the  ear^  of  undulations  propagated 
at  the  same  instant  from  nearer  and  more  remote  points  ; 
or,  if  they  originate  in  the  same  point,  the  sound  may- 
come  hy  different  routes  through  strata  of  different 
densities. 

Sounds  under  water  are  heard  Tery  distinctly  in  the 
air  immediately  above^  but  the  intensity  decays  with 
great  rapidity  as  tlie  obstTVer  goes  farther  oW,  and  is 
altogether  inaudible  at  the  distance  of  two  or  three 
hundred  yard$»  So  that  waves  of  sound,  lilte  thos^  of 
ligtitj  in  passing  from  a  dense  to  a  rare  rrie<ljumj  are 
not  only  refracted^  but  suffer  total  reflection  at  very 
oblique  incidences,  ^ 

The  laws  of  infcerfen?Tice  extend  also  to  souTid.  It  is 
clear  that  two  equal  and  sirnllar  xnusical  strings  will  be 
in  unison,  if  they  communicate  the  same  number  of 
vibrations  to  the  atr  in  the  same  time*  But  if  two  sucli 
strings  be  so  nearly  in  unisonj  that  one  performs  a 
hundred  vibrations  in  a  secondj  and  the  other  a  hundred 
and  one  in  the  same  period^  —  during  the  first  few  vi- 
brations, the  two  resultiiig  sounds  will  combine  to  form 
one  of  double  the  intensity  of  either,  because  the  aerial 
waves  will  sensibly  coincide  in  time  and  place  ;  but  the 
one  will  gradually  gain  on  the  other,  tillj  at  the  fiftieth 
vibration  J  it  will  be  half  an  oscillation  in  advance.  Then 
the  waves  of  air  which  produce  the  sound  beinj^  sensibly 
equal  J  but  the  receding  part  of  the  one  coinciding  with 
the  advancing  part  of  the  other,  they  will  destroy  one 
another^  and  occasion  an  instant  of  silence.  The  sound 
wiU  be  renewed  immediately  after,  and  will  gradually 
increase  till  the  hundreJth  vibration,  when  the  two 
wares  wUl  combine  to  produce  a  gound  double  the  in-^ 
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tennty  of  either.  These  intervals  of  silence  and  greatest 
intensity^  called  beats^  will  recur  every  second ;  but  if 
the  notes  differ  much  from  one  another^  the  alternations 
will  resemble  a  rattle  ;  and  if  the  strings  be  in  perfect 
unison,  there  will  be  no  beats^  since  there  will  be  no 
interference.  Thus^  by  interference  is  meant  the  co-  - 
existence  of  two  undulations^  in  which  the  lengths  of 
the  waves  are  the  same.  And  as  the  magnitude  of  an 
undulation  may  be  diminished  by  the  addition  of  another 
transmitted  in  the  same  direction^  it  follows^  that  one 
undulation  may  be  absolutely  destroyed  by  another^ 
when  waves  of  the  same  length  are  transmitted  in  the 
same  direction,  provided  that  the  maxima  of  the  undu- 
lations are  equals  and  &at  one  follows  the  other  by  half 
the '  length  of  &  wave.  A  tuning-fork  affords  a  good 
example  of  interference.  When  that  instrument  vibrates, 
its  two  branches  alternately  recede  from  and  approach 
one  another,  each  communicates  its  vibrations  to  the 
air,  and  a  musical  note  is  the  consequence.  If  the  fork 
be  held  upright,  about  a  foot  from  the  ear,  and  turned 
round  its  axis  while  vibrating,  at  every  quarter  re- 
Tolution  the  sound  will  scarcely  be  heard,  while  at  the 
intermediate  points  it  will  be  strong  and  clear.  This 
phenomenon  arises  from  the  interference  of  the  un- 
dulations of  air  coining  from  the  two  branches  of  the 
fork.  When  the  two  branches  coincide,  or  when  they 
are  at  equal  distances  from  the  ear,  the  waves  of  air 
combine  to  reinforce  each  other ;  but  at  the  quadrants 
where  the  two  branches  are  at  unequal  distances  from  ^e 
ear,  the  lengths  of  the  waves  differ  by  half  an  undula- 
tion, and  consequently  destroy  one  another. 
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SECTION  XVlh 

^IBttATrOir      OF      aiUMCAL      STRING??,  ' —  HAItMOKIC      SOliNTlS.  ** 

VIO II  tS* VI  n  it  A  TI D  N  OF  jM:  B  [  H  W I  Pf  IJ-l  NST  R  (J  ME  KTS. If  IB  A  A> 

TlOU  OF  SOLIUM. VIHHATING    PL.^TJE*.  ^^ttiS-  ^AltlHONT, 

SOUNDtNQ  "^t^A^DH*  FURCEO   VIBRATIONS.  —  B-E^DSaKCX. 

*^  BPEAKIHG    MACHTNEJJ. 

Wtmn  the  partSclefl  of  elastic  bodies  are  suddenly  dis^ 
tuTbt-d  by  an  impulse,  they  return  to  their  natural 
position  by  a  tenes  of  isochronous  vibrations,  whose 
r&pidity,  force,  and  permanency  depend  upon  tbe  elaa- 
ticity,  the  forrn,  and  the  mode  of  aggregation  which 
unites  the  particles  of  the  body.  These  oscillations  are 
commanicated  to  the  air^  and  on  account  of  it^  elasticity 
they  exdte  alternate  condensations  and  dilatations  in 
tbe  strata  of  the  fluid  nearest  to  tbe  vibrating  body : 
Irom  thence  they  are  propagated  to  a  distance,  A  string 
or  wire  stretched  between  two  pins^  when  drawn  aside 
and  suddenly  let  go,  will  vibrate  till  its  own  rigidity  and 
the  resistance  of  the  air  reduce  it  to  reat.  These  oscil- 
lations may  be  rotatory,  in  every  planCj  or  confined  to  one 
plane,  according  as  the  motion  is  communicated.  In  the 
piano-forte  J  where  the  strings  are  struck  by  a  hammer 
at  one  eattremity,  the  vibrations  probably  consist  of  a 
bulge  running  to  and  fro,  from  end  to  end.  Different 
modes  of  vibration  may  be  obtained  from  the  same  sonor- 
ous body.  Suppose  a  vibrating  string  to  give  the  lowest 
C  of  the  piano-fortej  wliicli  is  the  fundamental  note  of 
the  string ;  if  it  be  lightly  touched  exactly  in  the  middle, 
so  as  to  retain  that  point  at  rest,  each  half  will  then 
vibrate  twice  as  fast  as  ttie  whokj  but  in  oppoaite  direc* 
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tions;  the  ventral  or  bulging  segments  will  be  alter- 
nately above  and  below  the  natural  position  of  the 
string,  and  the  resulting  note  will  be  the  octave  above 
C.  When  a  point  at  a  third  of  the  length  of  the  string 
is  kept  at  rest,  the  vibration  will  be  three  times  as  fast 
as  those  of  the  whole  string,  and  will  give  the  twelfth 
above  C.  When  the  point  of  rest  is  one  fourth  of  the 
whole,  the  oscillations  will  be  four  times  as  fast  as  those 
of  the  fundamental  note,  and  will  give  the  double  octave; 
and  so  on.  These  acute  sounds  are  called  the  harmonics 
of  the  fundamental  note.  It  is  clear  from  what  has  been 
stated,  that  the  string  thus  vibrating  could  not  give  these 
harmonics,  unless  it  divided  itself  spontaneously  at  its  ali- 
quot parts  into  two,  three,  four,  or  more  segments  in  op- 
posite states  of  vibration,  separated  by  points  actually  at 
rest.  In  proof  of  this,  pieces  of  paper  placed  on  the  string 
at  the  half,  third,  fourth,  or  other  aliquot  points,  accord- 
ing to  the  corresponding  harmonic  sound,  will  remain  on 
it  during  its  vibration,  but  will  instantly  fly  off  from  any 
of  the  intermediate  points.  The  points  of  rest,  called  the 
nodal  points  of  the  string,  are  a  mere  consequence  of 
the  law  of  interferences.  For  if  a  rope  fastened  at  one 
end  be  moved  to  and  fro  at  the  other  extremity,  so  as  to 
transmit  a  succession  of  equal  waves  along  it,  they  will 
be  successively  reflected  when  they  arrive  at  the  other 
,  end  of  the  rope  by  the  fixed  point,  and  in  returning 
they  will  occasionally  interfere  with  the  advancing 
waves ;  and  as  these  opposite  undulations  will  at  certain 
points  destroy  one  another,  the  point  of  the  rope  in 
which  this  happens  will  remain  at  rest.  Thus  a  series 
of  nodes  and  ventral  segments  will  be  produced,  whose 
number  will  depend  upon  the  tension  and  the  frequency 
of  the  alternate  motions  communicated  to  the  movable 
end.     So,  when  a  string  fixed  at  both  ends  is  put  in 
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motion  by  a  sudden  blow  at  any  point  of  it,  the  pri- 
mitive impulse  divides  itself  into  two  pulses  running 
opposite  ways,  which  are  each  totally  reflected  at  the 
extremities,  and,  running  back  again  along  the  whole 
length,  are  again  reflected  at  the  other  ends.  And  thus  they 
will  continue  to  run  backwards  and  forwards,  crossing 
one  another  at  each  traverse,  and  occasionally  interfering, 
80  as  to  produce  nodes ;  so  that  the  motion  of  a  string 
fastened  at  both  ends  consists  of  a  wave  or  pulse,  con- 
tinually doubled  back  on  itself  by  reflection  at  the  fixed 
extremities. 

Harmonics  frequently  co.exist  with  the  fundamental 
sound  in  the  same  vibrating  body.  If  one  of  the  lowest 
strings  of  the  piano-forte  be  struck,  an  attentive  ear  will 
not  only  hear  the  fundamental  note,  but  will  detect  all 
the  others  sounding  along  with  it,  though  with  less  and 
less  intensity  as  the  pitch  becomes  higher.  Accord- 
ing to  the  law  of  co-existing  undulations,  the  whole 
string  and  each  of  its  aliquot  parts  are  in  different  and 
independent  states  of  vibration  at  the  same  time ;  and 
as  all  the  resulting  notes  are  heard  simultaneously,  not 
only  the  air,  but  the  ear  also,  vibrates  in  unison  with 
each  at  the  same  instant.^ 

Harmony  consists  in  an  agreeable  combination  of 
sounds.  When  two  cords  perform  their  vibrations  in  the 
same  time,  they  are  in  unison.  But  when  their  vibra- 
tions are  so  related  as  to  have  a  common  period  after  a 
few  oscillations,  they  produce  concord.  Thus,  where 
the  vibrations  of  two  strings  bear  a  very  simple  relation 
to  each  other,  as  where  one  of  them  makes  two,  three, 
four,  &c.  vibrations  in  the  time  the  other  makes  one; 
or  if  it  accomplishes  three,  four,  &c.  vibrations  while  the 

.»  Note  174. 
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Other  makes  two,  the  result  is  a  concord^  which  is  th^ 
more  perfect  the  shorter  the  common  period.  In  dis- 
cords^ on  the  contrary^  the  beats  are  distinctly  audible^ 
which  produces  a  disagreeable  and  harsh  effect^  because 
the  vibrations  do  not  bear  a  simple  relation  to  one 
another^  as  where  one  of  two  strings  makes  eight  vibra* 
tions  while  the  other  accomplishes  fifteen.  The  plea-* 
sure  afforded  by  harmony  is  attributed  by  Dr.  Young  to 
the  love  of  order,  and  to  a  predilection  for  a  regular  re- 
currence of  sensations,  natural  to  the  human  mind,  which 
is  gratified  by  the  perfect  regularity  and  rapid  recur*^ 
rence  of  the  vibrations.  The  love  of  poetry  and  dancing 
he  conceives  to  arise  in  some  degree  from  the  rhythm 
of  the  one  and  the  regularity  of  the  motions  in  the 
other. 

A  blast  of  air  passing  over  the  open  end  of  a  tube,  as 
over  the  reeds  in  Pan's  pipes ;  over  a  hole  in  one  side^ 
as  in  the  flute ;  or  through  the  aperture  called  a  reed^ 
with  a  flexible  tongue, "  as  in  the  clarinet,  puts  the  in. 
temal  column  of  air  into  longitudinal  vibrations  by  the 
alternate  condensations  and  rarefactions  of  its  particles. 
At  the  same  time  the  column  spontaneously  divides  itself 
into  nodes,  between  which  the  air  also  vibrates  longitu* 
dinally,  but  with  a  rapidity  inversely  proportional  to  the 
length  of  the  divisions,  giving  the  fundamental  note  or 
one  of  its  harmonics.  The  nodes  are  produced  on  the 
principle  of  interferences,  by  the  reflection  of  the  longi- 
tudinal undulations  of  the  air  at  the  ends  of  the  pipe, 
as  in  the  musical  string,  only  that  in  one  case  the  un- 
dulations are  longitudinal,  and  in  the  other  transverse. 

A  pipe,  either  open  or  shut  at  both  ends,  when 
sounded,  vibrates  entire,  or  divides  itself  spontaneously 
into  two,  three,  four,  &c.  segments  separated  by 
nodes.      The  whole    column  gives  the  fundamental 

Digitized  by  VjOOQIC 


(SECT.  XTir*      TIBBATION  OF  A  OOLVHN  OF  AIR.  l67 

note  by  wlives  or  vibrations  of  the  same  length  with  the 
pipe.  The  first  harmonic  is  produced  by  waves  half  as 
long  as  the  tnbe^  the  second  harmonic  by  waves  a  third  as 
long^  and  so  on.  The  harmonic  segments  in  an  open  and 
shut  pipe  are  the  same  in  number^  but  differently  placed. 
In  a  shut  pipe  the  two  ends  are  nodes^  but  in  an  open  pipe 
there  is  half  a  segment  at  each  extremity^  because  the 
air  at  these  points  is  ndther  rarefied  nor  condensed, 
being  in  contact  with  that  which  is  external.  If  one  of 
the  ends  of  the  open  pipe  be  closed^  its  fundamental 
note  will  be  an  octave  lower^  the  air  will  now  divide 
itself  into  three^  five,  seven,  &c.  segments;  and  the 
wave  producing  its  fundamental  note  will  be  twice  as 
long  as  the  pipe,  so  that  it  will  be  doubled  back,  i  AU 
these  notes  may  be  produced  separately^  by  varying  the 
intensity  of  the  blast.  Blowing  steadily  and  gently,  the 
fundamental  note  wiU  sound;  when  the  force  of  the 
blast  is  increased,  the  note  will  all  at  once  start  up  an 
octave ;  when  the  intensity  of  the  wind  is  augmented,  the 
twelfth  will  be  heard^  and  by  continuing  to  increase  the 
force  of  the  blast  the  other  harmonics  may  be  obtained^ 
but  no  force  of  wind  will  produce  a  note  intermediate 
between  these.  The  harmonics  of  a  flute  may  be  ob- 
tained in  this  manner^  from  the  lowest  C  or  D  upwards^ 
without  altering  the  fingering,  merely  by  increasing  the 
intensity  of  the  blast,  and  altering  the  form  of  the  lips. 
Pipes  of  the  same  dimensions,  whether  they  be  made 
of  lead,  glass,  or  wood,  give  the  same  tone  as  to  pitch 
under  the  same  circumstances,  which  shows  that  the  air 
alone  produces  the  sound. 

Metal  springs  fastened  at  one  end^  when  forcibly  bent> 
endeavour  to  return  to  rest  by  a  series  of  vibrations,  which 
give  very  pleasing  tones^  as  in  musical  boxes.    Various 
»  Note  175. 
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musical  instrumeDts  have  recently  been  constructed  con. 
sisting  of  metallic  springs  thrown  into  vibration  by  a 
current  of  air.  Among  the  most  perfect  of  these  are 
Mr.  Wheatstone*s  Symphonion^  Concertina^  and  ^olian 
Organ,  instruments  of  different  effects  and  capabilities, 
but  all  possessing  considerable  execution  and  expression. 

The  Syren  is  an  ingenious  instrument,  devised  by  M. 
Cagniard  de  la  Tour,  for  ascertaining  the  number  of 
pulsations  in  a  second  corresponding  to  each  pitch :  the 
notes  are  produced  by  jets  of  air  passing  through  small 
apertures  arranged  at  regular  distances  in  a  circle  on 
the  side  of  a  box,  before  which  a  disc  revolves  pierced 
with  the  same  number  of  holes.  During  a  revolution 
of  the  disc  the  currents  are  alternately  intercepted  and 
allowed  to  pass  as  many  times  as  there  are  apertures  in 
it,  and  a  sound  is  produced  whose'  pitch  depends  on  the 
velocity  of  rotation. 

A  glass  or  metallic  rod,  when  struck  at  one  end,  or 
rubbed  in  the  direction  of  its  length  with  a  wet  finger, 
vibrates  longitudinally,  like  a  column  of  air,  by  the 
alternate  condensation  and  expansion  pf  its  constituent 
particles,  which  produces  a  clear  and  beautiful  musical 
pote  of  a  high  pitch,  on  account  of  the  rapidity  with 
which  these  substances  transmit  sound.  Rods,  surfaces, 
and  in  general  all  undulating  bodies,  resolve  themselves 
into  nodes.  But,  in  surfaces,  the  parts  which  remain 
at  rest  during  their  vibrations  are  lines,  which  are  curved 
or  plane  according  to  the  substance,  its  form,  and  the 
mode  of  vibration.  If  a  little  fine  dry  sand  be  strewed 
over  the  surface  of  a  plate  of  glass  or  metal,  and  if 
undulations  be  excited  by  drawing  the  bow  of  a  violin 
across  its  edge,  it  will  emit  a  musical  sound,  and  the 
sand  will  immediately  arrange  itself  in  the  nodal  lines, 
where  alone  it  will  accumulate  and  remain  at  rest,  be- 
cause the  segments  of  the.  surface  on  each  ^de  will  be 
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in  different  states  of  vibration,  the  one  being  elevated 
"while  the  other  is  depressed,  and  as  these  two  motions 
meet  in  the  nodal  lines,  they  neutralise  one  another* 
These  lines  vary  in  form  and  position  with  the  part 
where  the  bow  is  drawn  across,  and  the  point  by  which 
the  plate  is  held.  The  motion  of  the  sand  shows  in 
what  direction  the  vibrations  take  place.  If  they  be 
perpendicular  to  the  surface,  the  sand  will  be  violently 
tossed  up  and  down,  till  it  finds  the  points  of  rest.  If 
they  be  tangential,  the  sand  will  only  creep  along  the 
surface  to  the  nodal  lines.  Sometimes  the  undulations 
are  oblique,  or  compounded  of  both  the  preceding. 
If  a  bow  be  drawn  across  one  of  the  angles  of  a  square 
plate  of  glass  or  metal  held  firmly  by  the  centre,  the 
sand  will  arrange  itself  in  two  straight  lines  parallel  to 
the  sides  of  the  plate,  and  crossing  in  the  centre,  so  as 
to  divide  it  into  four  equal  squares,  whose  motions  will 
be  contrary  to  each  other.  Two  of  the  diagonal  squares 
will  make  their  excursions  on  one  side  of  the  plate,  while 
the  other  two  make  their  vibrations  on  the  other  side  of  it. 
This  mode  of  vibration  produces  the  lowest  tone  of  the 
plates.  1  If  the  plate  be  still  held  by  the  centre,  and  the  bow 
applied  to  the  middle  of  one  of  the  sides,  the  vibrations 
will  be  more  rapid,  and  the  tone  will  be  a  fifth  higher 
than  in  the  preceding  c^se ;  now  the  sand  will  arrange 
itself  from  comer  to  comer,  and  will  divide  the  plate 
into  four  equal  triangles,  each  pair  of  which  will  make 
their  excursions  on  opposite  sides  of  the  plate.  The 
nodal  lines  and  pitch  vary  not  only  with  the  point 
wrhere  the  bow  is  applied,  but  with  the  point  by  which 
the  plate  is  held,  which  being  at  rest,  necessarily  deter, 
mines  the  direction  of  one  of  the  quiescent  lines.  The 
forms  assumed  by  the  sand  in  square  plates  are  very 
1  Note  176. 
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numerous^  corresponding  to  all  the  various  modes  of 
vibration.  The  lines  in  circular  plates  are  even  more 
remarkable  for  their  symmetry^  and  upon  them  the  forms 
assumed  by  the  sand  may  be  classed  in  three  systems. 
The  first  is  the  diametrical  system^  in  which  the  figures 
consist  of  diameters  dividing  the  circumference  of  the 
plate  into  equal  parts^  each  of  which  is  in  a  different 
state  of  vibration  from  those  adjacent.  Two  diameters^ 
for  example^  crossing  at  right  angles,  divide  the  circum- 
ference into  four  equal  parts ;  three  diameters  divide 
it  into  six  equal  parts ;  four  divide  it  into  eight ;  and 
so  on.  In  a  metallic  plate,  these  divisions  may  amount 
to  thirty-six  or  forty.  The  next  is  the  concentrie 
system,  where  the  sand  arranges  itself  in  circles, 
having  the  same  centre  with  the  plate ;  and  the  third  is 
the  compound  system,  where  the  figures  assumed  by 
the  sand  are  compounded  of  the  other  two,  producing 
very  complicated  and  beautiful  forms.  Galileo  seems  to 
have  been  the  first  to  notice  the  points  of  rest  and 
motion  in  the  sounding  board  of  a  musical  instrument, 
but  to  Chladni  is  due  the  whole  discovery  of  the  sym- 
metrical forms  of  the  nodal  lines  in  vibrating  plates. ^ 
Mr.  Wheatstone  has  shown,  in  a  paper  read  before  the 
Royal  Society  in  1833,  that  all  Chladni's  figures,  and 
indeed  all  the  nodal  figures  of  vibrating  surfaces,  result 
from  very  simple  modes  of  vibration,  oscillating  iso* 
chronously,  and  superposed  upon  each  other;  the  resulting 
figure  varying  with  the  component  modes  of  vibration, 
die  number  of  the  superpositions,  and  the  angles  at 
which  they  are  superposed.  For  example,  if  a  square 
plate  be  vibrating  so  as  to  make  the  sand  arrange 
itself  in  straight  Hues  parallel  to  one  side  of  the  plate^ 

»  Note  177. 
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and  if,  in  addition  to  this^  snch  vibrations  be  excited  as 
would  have  caused  the  sand  to  form  in  lines  perpen- 
dicular to  the  first  had  the  plate  been  at  rest^  the  com- 
bined vibrations  will  make  the  sand  form  in  lines  from 
comer  to  comer,  i 

M.  Savart's  experiments  on  the  vibrations  of  flat 
glass  mlers  are  highly  interesting.  Let  a  lamina  of 
glass^  27*°'56  long,  059  of  an  inch  broad^  and  0'06 
of  an  inch  in  thickness,  be  held  by  the  edges  in  the 
middle,  with  its  flat  surface  horizontal.  If  this  surface 
be  strewed  with  sand,  and  set  in  longitudinal  vibration 
by  rubbing  its  imder  surface  with  a  wet  cloth,  the  sand 
on  the  upper  surface  will  arrange  itself  in  lines  parallel 
to  the  ends  of  the  ruler,  always  in  one  or  other  of 
two  systems.^  Although  the  same  one  of  tiie  two 
systems  will  always  be  produced  by  the  same  plate  of 
glass,  yet  among  diflerent  plates  of  the  preceding  dimen- 
sions, even  though  cut  from  the  same  sheet  side  by  side^ 
one  will  invariably  exhibit  one  system,  and  tiie  other 
the  other,  without  any  visible  reason  for  the  difference. 
Now  if  the  positions  of  these  quiescent  lines  be  marked 
on  the  upper  surface,  and  if  tiie  plate  be  turned  so  that 
the  lower  surface  becomes  the  upper  one,  the  sand 
being  strewed  and  vibrations  excited  as  before,  the 
nodal  lines  will  still  be  parallel  to  the  ends  of  tiie 
lamina,  but  their  positions  will  be  intermediate  between 
those  of  the  upper  surface.^  Thus  it  appears  that  all 
the  motions  of  one  half  of  the  thickness  of  the  laminay 
or  ruler,  are  exactly  contrary  to  those  of  the  correspond- 
ing points  of  the  other  half.  If  the  thickness  of  the 
lamina  be  increased,  the  other  dimensions  remaining  the 
same,  the  sound  will  not  vary,  but  the  number  of  nodal 
lines  will  be  less.  When  the  breadth  of  the  lamina 
»  Note  IVa  «  Note  179.  »  Note  180. 
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exceeds  the  0*6  of  an  inch,  the  nodal  lines  become 
curved,  and  are  diflPerent  on  the  two  surfaces.  A  great 
variety  of  forms  are  produced  by  increasing  the  breadth 
and  changing  the  form  of  the  surface,  but  in  all  it  ap- 
pears that  the  motions  in  one  half  of  the  thickness 
are  opposed  to  those  in  the  other  half. 

M.  Savart  also  found,  by  placing  small  paper  rings 
round  a  cylindrical  tube  or  rod,  so  as  to  rest  upon  it  at 
one  point  only,  that  when  the  tube  or  rod  is  continually 
turned  on  its  axis  in  the  same  direction,  the  rings  slide 
along  during  the  vibrations,  till  they  come  to  a  quiescent 
point,  where  they  rest.  By  thus  tracing  these  nodal 
lines  he  discovered  that  they  twist  in  a  spiral  or  cork- 
screw round  rods  and  cylinders,  making  one  or  more 
turns  according  to  the  length ;  but  at  certain  points, 
varying  in  number  according  to  the  mode  of  vibration 
of  the  rod,  the  screw  stops,  and  recommences  on  the 
other  side,  though  it  is  turned  in  a  contrary  direction  ; 
that  is,  on  one  side  it  is  a  right-handed  screw,  on  the 
other  a  \e£0  The  nodal  lines  in  the  interior  surface 
of  the  tube  are  perfectly  similar  to  those  in  the  exterior, 
but  they  occupy  intermediate  positions.  If  a  small 
ivory  ball  be  put  within  the  tube,  it  will  follow  these 
nodal  lines  when  the  tube  is  made  to  revolve  on  its  axis. 

All  solids  which  ring  when  struck,  such  as  bells, 
drinking-glasses,  gongs,  &c.,  have  their  shape  momen- 
tarily and  forcibly  changed  by  the  blow,  and  from  their 
elasticity,  or  tendency  to  resume  their  natural  form,  a 
series  of  undulations  take  place,  owing  to  the  alternate 
condensations  and  rarefactions  of  the  particles  of  solid 
matter.  These  have  also  their  harmonic  tones,  and, 
consequently,  nodes.  Indeed,  generally,  when  a  rigid 
aystem  of  any  form  whatever  vibrates  either  trans- 
\  Note  181. 
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versely  or  longitudinally,  it  divides  itself  into  a  certain 
number  of  parts,  which  perform  their  vibrations  without 
disturbing  one  another.  These  parts  are  at  every  instant 
in  alternate  states  of  undulation,  and  as  the  points  or 
lines  where  they  join  partake  of  both,  they  remain  at 
rest,  because  the  opposing  motions  destroy  one  another. 
The  air,  notwithstanding  its  rarity,  is  capable  of 
transmitting  its  undulations  when  in  contact  with  a 
body  susceptible  of  admitting  and  exciting  them.  It  is 
thus  that  sympathetic  imdulations  are  excited  by  a  body 
vibrating  near  insulated  tended  strings,  capable  of  follow- 
ing its  undulations,  either  by  vibrating  entire,  or  by 
separating  themselves  into  their  harmonic  divisions. 
If  two  cords  equally  stretched,  of  which  one  is  twice 
or  three  times  longer  than  the  other,  be  placed  side  by 
side,  and  if  the  shorter  be  sounded,  its  vibrations  will 
be  communicated  by  the  air  to  the  other,  which  will  be 
thrown  into  such  a  state  of  vibration  that  it  will  be 
spontaneously  divided  into  segments  equal  in  length  to 
the  shorter  string.  When  a  tuning-fork  receives  a  blow, 
and  is  made  to  rest  upon  a  piano-forte  during  its  vi- 
bration, every  string  which  either  by  its  natural  length 
or  by  its  spontaneous  subdivisions,  is  capable  of  exe- 
cuting corresponding  vibrations,  responds  in  a  sympa- 
thetic note.  Some  one  or  other  of  the  notes  of  an  organ 
are  generally  in  unison  with  one  of  the  panes,  or  with 
the  whole  sash  of  a  window,  which  consequently  resound 
when  these  notes  are  sounded.  A  peal  of  thunder  has 
frequently  the  same  effect.  The  sound  of  very  large 
organ-pipes  is  generally  inaudible  till  the  air  be  set  in 
motion  by  the  undulations  of  some  of  the  superior  ac- 
cords, and  then  its  sound  becomes  extremely  energetic. 
Recurring  vibrations  occasionally  influence  each  other's 
periods.    For  example,  two  adjacent  organ-pipes,  nearly 
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in  unison^  may  force  themselves  into  concord^  and  two 
clocks^  whose  rates  differed  considerahly  when  separate, 
have  heen  known  to  heat  together  when  fixed  to  the 
same  wall.  Nay,  one  clock  has  heen  known  to  force  the 
pendulum  of  another  into  motion,  when  merely  standing 
on  the  same  stone  pavement*  These  forced  oscillations, 
which  correspond  in  their  periods  with  those  of  the 
exciting  cause,  are  to  he  traced  in  every  department  of 
physical  science.  Several  instances  of  them  have  already 
occurred  in  this  work.  Such  are  the  tides,  which  follow 
the  sun  and  moon  in  all  their  motions  and  periods. 
The  nutation  of  the  earth's  axis  also  corresponds  with 
the  period,  and  represents  the  motion  of  the  nodes  of 
the  moon,  and  is  again  reflected  hack  to  the  moon,  and 
may  he  traced  in  the  nutation  of  the  lunar  orbit.  And, 
lasdy,  the  acceleration  of  the  moon's  mean  motion  re- 
presents the  action  of  the  planets  on  the  earth  reflected 
by  the  sun  to  the  moon. 

In  consequence  of  the  facility  with  which  the  air 
communicates  undulations,  all  the  phenomena  of  vi- 
brating plates  may  be  exhibited  by  sand  strewed  on 
paper  or  parchment,  stretched  over  a  harmonica  glass, 
or  large  bell-shaped  tumbler.  In  order  to  give  due 
tension  to  the  paper  or  vellum,  it  must  be  wetted, 
stretched  over  the  glass,  gummed  round  the  edges, 
allowed  to  dry,  and  varnished  over  to  prevent  changes 
in  its  tension  from  the  humidity  of  the  atmosphere.  If 
a  circular  disc  of  glass  be  held  concentrically  over  this 
apparatus,  with  its  plane  parallel  to  the  surface  of  the 
paper,  and  set  in  vibration  by  drawing  a  bow  across 
its  edge,  so  as  to  make  sand  on  its  surface  take  any  of 
Chladni's  figures,  the  sand  on  the  paper  will  assume  the 
very  same  form,  in  consequence  of  the  vibrations  of  the 
disc  being  communicated  to  the  paper   by  the  air. 
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When  the  disc  is  removed  slowly  in  a  horizontal  direc* 
ticNQ,  the  farm9  on  the  paper  ivill  correspond  with  those 
on  the  disc^  till  the  distance  is  too  great  for  the  air  to 
convey  the  vibrations.  If  the  disc  while  vibrating  be 
gradually  more  and  more  inclined  to  the  horizon^  the 
figures  on  the  paper  will  vary  by  degrees ;  and  when  the 
vibrating  disc  is  perpendicular  to  the  horizon^  the  sand 
on  the  paper  will  form  into  straight  lines  parallel  to  the 
surface  of  the  disc^  by  creeping  along  it  instead  of 
dancing  up  and  down.  If  the  disc  be  made  to  turn 
round  its  vertical  diameter  while  vibrating^  the  nodal 
li^es  on  the  paper  will  revolve>  and  exactly  follow  ^e 
motion  of  the  disc.  It  appears  from  this  experiment, 
that  the.  motions  of  the  aerial  molecules  in  every  part  of 
a  spherical  wave,  propagated  from  a  vibrating  body  as 
a  centre,  axe  parallel  to  each  other,  and  not  divergent  like 
the  radii  of  a  circle.  When  a  slow  air  is  played  on  a 
flute  near  this  apparatus,  each  note  calls  up  a  particular 
form  in  the  sand,  which  the  next  note  effaces  to  esta- 
blish its  own.  The  motion  of  the  sand  will  even  detect 
sounds  that  are  inaudible.  By  the  vibrations  of  sand  on 
a  drum-head  the  besieged  have  discovered  the  direction 
in  which  a  counter-mine  was  worl^ing.  M.  Savart, 
who  made  these  beautiful  experiments,  employed  this 
apparatus  to  discover  nodal  lines  in  masses  of  air. 
He  found  that  the  air  of  a  room,,  when  thrown  into 
undulations  by  the  continued  sound  of  an  organ-pipe,  or 
by  any  other  means,  divides  its^  into  masses  separated 
by  nodal  curves  of  double  curvature^  such  as  spirals,  on 
each  side  of  which  the  air  is  in  opposite  states  of  vibra- 
tion.^ He  even  traced  these  quiescent  lines  going  out  at 
ai^  ope^  window,  and  for  a  considerable  distance  in  the 
open  air.  The  sand  is  violently  agitated  where  the 
undulations  of  the  air  are  greatest,  and  remains  at  rest 
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in  the  nodal  lines.  M.  Savart  observed,  that  when  he 
moved  his  head  away  from  a  quiescent  line  towards  the 
right  the  sound  appeared  to  come  from  the  right,  and 
when  he  moved  it  towards  the  left  the  sound  seemed  to 
come  from  the  left,  because  the  molecules  of  air  are  in  dif- 
ferent states  of  motion  on  each  side  of  the  quiescent  line. 
A  musical  string  gives  a  very  feeble  sound  when  vi- 
brating alone,  on  account  of  the  small  quantity  of  air  set 
in  motion.  But,  when  attached  to  a  sounding  board,  as 
in  the  harp  and  piano-forte,  it  communicates  its  undu- 
lations to  that  surface,  and  from  thence  to  every  part  of 
the  instrument;  so  that  the  whole  system  vibrates 
isochronously,  and  by  exposing  an  extensive  undulating 
surface,  which  transmits  its  undulations  to  a  great  mass 
of  air,  the  sound  is  much  reinforced.  The  intensity  is 
greatest  when  the  vibrations  of  the  string  or  sounding 
body  are  perpendicular  to  the  sounding  board,  and  least 
when  they  are  in  the  same  plane  with  it.  The  sounding 
board  of  the  piano-forte  is  better  disposed  than  that  of  any 
other  stringed  instrument,  because  the  hammers  strike  the 
strings  so  as  to  make  them  vibrate  at  right  angles  to 
it.  In  the  guitar,  on  the  contrary,  they  are  struck  ob- 
liquely, which  renders  the  tone  feeble,  unless  when  the 
sides,  which  also  act  as  a  sounding  board,  are  deep.  It 
is  evident  that  the  sounding  board  and  the  whole 
instrument  are  agitated  at  once  by  all  the  superposed 
vibrations  excited  by  the  simultaneous  or  consecutive 
notes  that  are  sounded,  each  having  its  perfect  effect 
independently  of  the  rest.  A  sounding  board  not  only 
reciprocates  the  different  degrees  of  pitch,  but  all  the 
nameless  qualities  of  tone.  This  has  been  beautifully 
illustrated  by  Professor  Wheatstone  in  a  series  of  expe- 
riments on  the  transmission,  through  solid  conductors,  of 
musical  performances^  from   the  harp,  piano,  violin^ 
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darinet^  &c.  He  found  that  all  the  varieties  of  pitchy 
quality^  and  intendty  are  perfectly  transmitted  with  their 
relative  gradations^  and  may  be  communicated^  through 
conducting  wires  or  rods  of  very  considerable  lengthy  to 
a  properly  disposed  sounding-board  in  a  distant  apart- 
ment. The  sounds  of  an  entire  orchestra  may  be  trans- 
mitted and  reciprocated  by  connecting  one  end  of  a 
metallic  rod  with  a  sounding-board  near  the  orchestra, 
so  placed  as  to  resound  to  all  the  instruments^  and  the 
other  end  with  the  sounding-board  of  a  harp^  piano^  or 
guitar^  in  a  remote  apartment.  Mr.  Wheatstone  ob- 
serves, *'  the  effect  of  this  experiment  is  very  pleasing ; 
the  sounds,  indeed,  have  so  little  intensity  as  scarcely  to 
be  heard  at  a  distance  from  the  reciprocating  instru- 
ment ;  but  on  placing  the  ear  close  to  it,  a  diminutive 
band  is  heard  in  which  all  the  instruments  preserve  their 
distinctive  qualities;  and  the  pianos  and  fortes,  the 
crescendos  and  diminuendos  their  relative  contrasts. 
Compared  with  an  ordinary  band  heard  at  a  distance 
through  the  air,  the  effect  is  as  a  landscape  seen  in 
miniature  beauty  through  a  concave  lens  compared  with 
the  same  scene  viewed  by  ordinary  vision  through  a 
murky  atmosphere." 

Every  one  is  aware  of  the  reinforcement  of  sound  by 
the  resonance  of  cavities.  When  singing  or  speaking 
near  the  aperture  of  a  wide-mouthed  vessel,  the  inten- 
sity of  some  one  note  in  unison  with  the  air  in  the 
cavity  is  often  augmented  to  a  great  degree.  Any  vessel 
will  resound  if  a  body  vibrating  the  natural  note  of  the 
cavity  be  placed  opposite  to  its  orifice,  and  be  large 
enough  to  cover  it ;  or,  at  least,  to  set  a  large  portion  of 
the  adjacent  air  in  motion.  For  the  sound  will  be  alter- 
nately reflected  by  the  bottom  of  the  cavity  and  the 
undidating  body  at  its  mouth.     The  first  impulse  of 

Digitized  by  VjOOQIC 


178  RESONANCE.    •  SECT.  XVH. 

the  undulating  substance  will  be  reflected  by  the  bottom 
of  the  cavity,  and  then  by  the  undulating  body,  in  time 
to  combine  with  the  second  new  impulse.  This  rein- 
forced sound  will  also  be  twice  reflected  in  time  to  con- 
spire with  the  third  new  impulse;  and  as  the  same 
process  will  be  repeated  on  every  new  impulse,  each 
will  combine  v^ith  all  its  echos  to  reinforce  the  sound 
prodigiously.  Mr.  Wheatstone,  to  whose  ingenuity  we 
are  indebted  for  so  much  new  and  valuable  information 
on  the  theory  of  sound,  has  given  some  very  striking 
instances  of  resonance.  If  one  of  the  branches  of  a 
vibrating  tuning-fork  be  brought  near  the  embouchure 
of  a  flute,  the  lateral  apertures  of  which  are  stopped  so 
as  to  render  it  capable  of  producing  the  same  sound  as 
the  fork,  the  feeble  and  scarcely  audible  sound  of  the 
fork  will  be  augmented  by  the  rich  resonance  of  the 
column  of  air  within  the  flute,  and  the  tone  will  be  full 
and  clear.  The  sound  will  be  found  greatly  to  decrease 
by  closing  or  opening  another  aperture,  for  the  altera- 
tion in  the  length  of  the  column  of  air  renders  it  no 
longer  fit  perfectly  to  reciprocate  the  sound  of  the  flute. 
This  experiment  may  be  made  on  a  concert  flute  with  a 
C  tuning-fork.  But  Mr.  Wheatstone  observes,  that  in 
this  case  it  is  generally  necessary  to  finger  the  flute  for 
B,  because,  when  a  flute  is  blown  into  with  the  mouth, 
the  under-lip  partly  covers  the  embouchure,  which  ren- 
ders the  sound  about  a  semitone  flatter  than  it  would  be 
were  the  embouchure  entirely  uncovered.  He  has  also 
shown,  by  the  following  experiment,  that  any  one  among 
several  simultaneous  sounds  may  be  rendered  separately 
audible.  If  two  bottles  be  selected,  and  tuned  by  filling 
them  with  such  a  quantity  of  water  as  will  render 
them  unisonant  with  two  tuning-forks  which  differ  in 
pitch,  on  bringing  both  of  the  vibrating  tuning-forks  to 
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the  mouth  of  each  bottle  alternately^  in  each  case  that 
rsound  only  will  be  heard  which  is  reciprocated  by  the 
imisonant  bottle. 

Several  attempts  have  been  made  to  imitate  the 
Articulation  of  the  letters  of  the  alphabet.  About  the 
year  1779^  MM.  Kratzenstein,  t)f  St.  Petersburgh,  and 
Kempelen,  of  Vienna,  constructed  instruments  which 
articulated  many  letters,  words,  and  even  sentences. 
Mr.  Willis,  of  Cambridge,  has  recently  adapted  cylin- 
drical tubes  to  a  reed,  whose  length  can  be  varied  at 
pleasure  by  sliding  joints.  Upon  drawing  out  the  tube, 
while  a  column  of  air  from  the  bellows  of  an  organ  is 
passing  through  it,  the  vowels  are  pronounced  in  the 
order,  «,  e,  a,  o,  u.  On  extending  the  tube,  they  are  re- 
peated, after  a  certain  interval,  in  the  inverted  order 
u,  0,  «,  c,  t.  After  another  interval,  they  are  again 
obtained  in  the  direct  order,  and  so  on.  When  the 
pitch  of  the  reed  is  very  high,  it  is  impossible  to  sound 
some  of  the  vowels,  which  is  in  perfect  correspondence 
with  the  human  voice,  female  singers  being  unable  to 
pronounce  u  and  «  in  their  high  notes.  From  the 
singular  discoveries  of  M.  Savart  on  the  nature  of  the 
human  voice,  and  the  investigations  of  Mr.  Willis  on 
the  mechanism  of  the  larynx,  it  may  be  presumed  that 
ultimately  the  utterance  or  pronunciation  of  modem 
languages  will  be  conveyed,  not  only  to  the  eye,  but 
also  to  the  ear,  of  posterity.  Had  the  ancients  possessed 
the  means  of  transmitting  such  definite  sounds,  the 
civilised  world  would  still  have  responded  in  sympathetic 
notes  at  the  distance  of  hundreds  of  ages. 
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SECTION  xviir. 


SEFRACTION.  ASTRONOMICAL   REFRACTION    AND   ITS    LAWS. 

FOKMATION      OF      TABLES     OF     REFRACTION.  TERRESTRIAL 

REFRACTION.  ITS     QUANTITT. INSTANCES     OF     BXTRAOR- 

SINART  REFRACTION.  REFLECTION. INSTANCES  OF  EX- 
TRAORDINARY REFLECTION.  LOSS  OF  LIGHT  BY  THE  AB- 
SORBING  POWER   OF   THE   ATMOSPHERE. APPARENT    MA6NI' 

'     TUDB    OF    SUN   AND   MOON   IN   THE   HORIZON. 


Not  only  every  thing  we  hear,  but  all  we  see,  is  through 
ihe  medium  of  the  atmosphere.  Without  some  know- 
ledge of  its  action  upon  light,  it  would  be  impossible  to 
ascertain  the  position  of  the  heavenly  bodies,  or  even  to 
determine  the  exact  place  of  very  distant  objects  upon 
the  surface  of  the  earth;  for  in  consequence  of  the 
refractive  power  of  the  air,  no  distant  object  is  seen  in 
its  true  position. 

All  the  celestial  bodies  appear  to  be  more  elevated 
than  they  really  are ;  because  the  rays  of  light,  instead 
of  moving  through  the  atmosphere  in  straight  lines,  are 
continually  inflected  towards  the  earth.  Light  passing 
obliquely  out  of  a  rare  into  a  denser  medium,  as  from 
vacuum  into  air,  or  from  air  into  water,  is  bent  or  re- 
fracted from  its  course  towarcfs  a  perpendicular  to  that 
point  of  the  denser  surface  where  the  light  enters  iO  In 
the  same  medium,  the  sine  of  the  angle  contained  be- 
tween the  incident  ray  and  the  perpendicular  is  in  a  con- 
stant ratio  to  the  sine  of  the  angle  contained  by  the 
refracted  ray  and  the  same  perpendicular;  but  this 
ratio  varies  with  the  refracting  medium.     The  denser 
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the  medium^  the  more  the  ray  is  bent.  The  barometer 
shows,  that  Uie  density  of  the  atmosphere  decreases  as 
the  height  above  the  earth  increases.  Direct  experi- 
ments prove,  that  the  refractive  power  of  the  air  in- 
creases with  its  density.  It  follows,  therefore,  that  if  the 
temperature  be  uniform,  the  refractive  power  of  the  air 
is  greatest  at  the  earth's  surface  and  diminishes  upwards. 
A  ray  of  light  from  a  celestial  object  falling  obliquely 
on  this  variable  atmosphere^  instead  of  being  refracted 
at  once  from  its  course,  is  gradually  more  and  more 
bent  during  its  passage  through  it,  so  as  move  in  a  ver. 
tical  curved  line,  in  the  same  manner  as  if  the  atmo- 
sphere consisted  of  an  infinite  number  of  strata  of  different 
densities.  The  object  is  seen  in  the  direction  of  a 
tangent  to  that  part  of  the  curve  which  meets  the  eye, 
consequently  the  apparent  altitude^  of  the  heavenly 
bodies  is  always  greater  than  their  true  altitude.  Owing 
to  this  circumstance,  the  stars  are  seen  above  the 
horizon  after  they  are  set,  and  the  day  is  lengthened 
from  a  part  of  the  sun  being  visible,  though  he  really 
is  behind  the  rotundity  of  the  earth.  It  would  be  easy 
to  determine  the  direction  of  a  ray  of  Ught  through  the 
atmosphere,  if  the  law  of  the  density  were  known  ; 
but  as  this  law  is  perpetually  varying  with  the  tempe- 
rature, the  case  is  very  complicated.  When  rays  pass 
perpendicularly  from  one  medium  into  another,  they 
are  not  bent ;  and  experience  shows^  that  in  the  same 
surface,  though  the  nnes  of  the  angles  of  incidence  and 
refraction  retain  the  same  ratio,  the  refraction  increases 
with  the  obliquity  of  incidence.^  Hence  it  appears,  that 
the  refraction  is  greatest  at  the  horizon,  and  at  the  zenith 
there  is  none.  But  it  is  proved  that  at  all  heights  above 
ten  degrees^  refraction  varies  nearly  as  the  tangent  of  the 
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angular  distance  of  the  object  from  the  zenith,  and 
wholly  depends  npon  the  heights  of  the  barometer  and 
thermometer.  For  the  quantity  of  refraction  at  the 
same  distance  from  the  zenith^  varies  nearly  as  the 
height  of  the  barometer^  the  temperature  being  constant; 
and  the  effect  of  the  yariation  of  temperature  is  to  di-> 
minish  the  quantity  of  refraction  by  about  its  480th 
part  for  every  degree  in  the  rise  of  Fahrenheit's  ther- 
mometer. Not  much  reliance  can  be  placed  on  celestial 
observations  within  less  than  ten  or  twelve  d^rees  of  the 
horizon^  on  account  of  irregular  variations  in  the  density 
of  the  air  near  the  surface  of  the  earth,  which  are  some- 
times the  cause  of  very  singular  phenomena.  The  hu- 
midity of  the  air  produces  no  sensible  effect  on  its  re- 
fractive power. 

Bodies,  whether  luminous  or  not,  are  only  visible  by 
the  rays  which  proceed  from  them.  As  the  rays  must 
pass  through  strata  of  difibrent  densities  in  coming  to 
us,  it  follows  that,  with  the  excqjtion  of  stars  in  the 
zenith,  no  object  either  in  or  beyond  our  atmosphere  is 
seen  in  its  true  place.  But  the  deviation  is  so  small  in 
ordinary  cases,  that  it  causes  no  inconvenience,  though 
in  astronomical  and  trigonometrical  observations  a  due 
allowance  must  be  made  for  the  effects  of  refraction. 
Dr.  Bradley  a  tables  of  refraction  were  formed  by  ob- 
serving the  zenith  distances  of  the  sun  at  his  greatest 
declinations,  and  the  zenith  distances  of  the  pole-star 
above  and  below  the  pole.  The  sum  of  these  fow 
quantities  is  equal  to  1 80®,  diminished  by  the  sum  of 
the  four  refractions,  whence  the  sum  of  the  four  re- 
factions was  obtained ;  and  from  the  law  of  the  variation 
of  refraction  determined  by  theory,  he  assigned  the 
quantity  due  to  each  altitude.^     The  mean  horizontal 
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lefraction  is  about  35^  6",  and  at  the  height  of  forty- 
five  degrees  it  is  58^^-36.  The  effect  of  refraction 
upon  the  same  star  above  and  below  the  pole  was  noticed 
by  Alhazen^  a  Saracen  astronomer  of  Spain^  in  the 
ninth  century,  but  its  existence  was  known  to  Ptolemy 
in  the  second,  though  he  was  ignorant  of  its  quantity. 

The  refraction  of  a  terrestrial  object  is  estimated 
differently  from  that  of  a  celestial  body.  It  is  measured 
by  the  angle  contained  between  the  tangent  to  the  curvi- 
lineal  path  of  the  ray,  where  it  meets  the  eye,  and  the 
straight  line  joining  the  eye  and  the  object.^  Near  the 
earth's  surface,  the  path  of  the  ray  may  be  supposed  to 
be  circular;  and  the  angle  of  this  path  between  tangents 
at  the  two  extremities  of  this  arc,  is  called  the  hori. 
zontal  angle.  The  quantity  of  terrestrial  refraction  is 
obtained,  by  measuring  contemporaneously  the  elevation 
of  the  top  of  a  mountain  above  a  point  in  the  plain  at 
its  base,  and  the  depression  of  that  point  below  the 
top  of  the  mountain.  The  distance  between  these  two 
stations  is  the  chord  of  the  horizontal  angle ;  and  it  is 
easy  to  prove  that  double  the  refraction  is  equ&I  to  the 
horizontal  angle,  diminished  by  the  difference  between 
the  apparent  elevation  and  the  apparent  depression. 
Whence  it  appears  that,  in  the  mean  state  of  the  atmo- 
sphere, the  refraction  is  about  the  fourteenth  part  of 
the  horizontal  angle. 

Some  very  singular  appearances  occur  from  the  acci. 
dental  expansion  or  condensation  of  the  strata  of  the 
atmosphere  contiguous  to  the  surface  of  the  earth,  by 
which  distant  objects,  instead  of  being  elevated,  are  de- 
pressed. Sometimes,  being  at  once  both  elevated  and 
depressed,  they  appear  double,  one  of  the  images  being 
direct^  and  the  other  inverted.     In  consequence  of  the 
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upper  edges  of  the  sun  and  moon  being  less  refracted 
than  the  lower^  they  often  appear  to  be  oval  when  near 
the  horizon.  The  looming  also^  or  elevation  of  coasts^ 
mountains,  and  ships^  when  viewed  across  the  sea^  arises 
from  unusual  refraction.  A  friend  of  the  author's^ 
while  standing  on  the  plains  of  Hindostan,  saw  the 
whole  upper  chain  of  the  Himalaya  mountains  start 
into  view^  from  a  sudden  change  in  the  density  of  the 
air,  occasioned  by  a  heavy  shower  after  a  very  long 
course  of  dry  and  hot  weather.  Single  and  double 
images  of  objects  at  sea,  arising  from  sudden  changes 
of  temperature,  which  are  not  so  soon  communicated 
to  the  water  on  account  of  its  density  as  to  the  air,  occur 
more  rarely,  and  are  of  shorter  duration  than  similar 
appearances  on  land.  In  1 8 1 8,  Captain  Scoresby,  whose 
observations  on  the  phenomena  of  the  polar  seas  are  so 
valuable,  recognised  his  father's  ship  by  its  inverted 
image  in  the  air,  although  the  vessel  itself  was  below 
the  horizon.  He  afterwards  found  that  she  was  seven- 
teen miles  beyond  the  horizon,  and  thirty  miles  distant. 
Two  images  are  sometimes  seen  suspended  in  the  air 
over  a  ship,  one  direct  and  the  otlier  inverted,  with 
their  topmasts  or  their  hulls  meeting,  according  as  the 
inverted  image  is  above  or  below  the  direct  image,  i  Dr. 
Wollaston  has  proved  that  these  appearances  are  owing 
to  the  refraction  of  the  rays  through  media  of  different 
densities,  by  the  very  simple  experiment  of  looking 
along  a  red  hot  poker  at  a  distant  object.  Two  images 
are  se«i,  one  direct  and  another  inverted,  in  conse- 
quence of  the  change  induced  by  the  heat  in  the  density 
of  the  adjacent  air.  He  produced  the  same  effect  by  a 
saline  or  saccharine  solution  with  water  and  spirit  of 
wine  floating  upon  it.^ 
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Many  of  die  phenomena  that  have  been  ascribed  to 
extraordinary  refraction  seem  to  be  occasioned  by  a 
partial  or  total  refl^ection  of  the  rays  of  light  at  the  sur- 
faces of  strata  of  different  densities.  ^  It  is  well  known^ 
that  when  light  falls  obliquely  upon  the  external  surface 
of  a  transparent  medium^  as  on  a  plate  of  glass^  or 
stratum  of  air^  one  portion  is  reflected  and  the  other 
transmitted.  But  when  light  falls  very  obliquely  upon 
the  internal  surface^  the  whole  is  reflected  and  not  a  ray 
is  transmitted.  In  all  cases  the  angles  made  by  the  in- 
cident and  reflected  rays  with  a  perpendicular  to  the 
surface  being  equal.  As  the  brightness  of  the  reflected 
image  depends  on  the  quantity  of  lights  those  arising 
from  total  reflection  must  be  by  far  the  most  vivid.  The 
delusive  appearance  of  water,  so  well  known  to  African 
travellers,  and  to  the  Arab  of  the  desert,  as  the  Lake  of 
the  Gazelles,  is  ascribed  to  the  reflection  which  takes 
place  between  strata  of  air  of  different  densities,  owing 
to  radiation  of  heat  from  the  arid  sandy  plains.  The 
mirage  described  by  Captain  Mundy,  in  his  Journal  of 
a  Tour  in  India,  probably  arises  from  this  cause.  '^  A 
deep  precipitous  valley  below  us,  at  the  bottom  of  which 
I  had  seen  one  or  two  miserable  villages  in  the  morn- 
ing, bore  in  the  evening  a  complete  resemblance  to  a 
beautiful  lake;  the  vapour,  which  played  the  part  of 
water,  ascending  nearly  half  way  up  the  sides  of  the 
Tale,  and  on  its  bright  surface  trees  and  rocks  being  dis- 
tinctly reflected.  I  had  not  been  long  contemplating 
the  phenomenon,  before  a  sudden  storm  came  on  and 
dropped  a  curtain  of  clouds  over  the  scene." 

An  occurrence  which  happened  on  the  18th  of  No- 
vember, 1804,  was  probably  produced  by  reflection. 
Dr.  Buchan,  while  watching  the  rising  sun  from  th^ 
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cliff  about  a  mile  to  the  east  of  Brighton,  at  the  instant 
the  solar  disc  emerged  from  the  surface  of  the  ocean^ 
saw  the  cliff  on  which  he  was  standing,  a  windmill,  his 
own  figure,  and  that  of  a  friend,  depicted  immediately 
opposite  to  him  on  the  sea.  This  appearance  lasted 
about  ten  minutes,  till  the  sun  had  risen  nearly  his  own 
diameter  above  the  surface  of  the  waves.  The  whole 
then  seemed  to  be  elevated  into  the  air  and  successively 
vanished.  The  rays  of  the  sun  fell  upon  the  cliff  at  an 
incidence  of  73°  from  the  perpendicular,  and  the  sea 
was  covered  with  a  dense  fog  many  yards  in  height, 
which  gradually  receded  before  the  rising  sun.  When 
extraordinary  refraction  takes  place  laterally,  the  strata 
of  variable  density  are  perpendicular  to  the  horizon,  and 
when  it  is  combined  with  vertical  refraction,  the  objects 
are  magnified  as  if  seen  through  a  telescope.  From  this 
cause,  on  the  26th  of  July,  1798,  the  cliffs  of  France, 
fifty  miles  off,  were  seen  as  distinctly  from  Hastings  as 
if  they  had  been  close  at  hand,  and  even  Dieppe  was 
said  to  have  been  visible  in  the  afternoon. 

The  stratum  of  air  in  the  horizon  is  so  much  thicker 
and  more  dense  than  the  stratum  in  the  vertical,  that  the 
sun's  light  is  diminished  1 300  times  in  passing  through 
it,  which  enables  us  to  look  at  him  when  setting  with- 
out being  dazzled.  The  loss  of  light,  and  consequently 
of  heat,  by  the  absorbing  power  of  the  atmosphere,  in- 
creases with  the  obliquity  of  incidence.  Of  ten  thousand 
rays  falling  on  its  surface,  8123  arrive  at  a  given  point 
of  the  earth  if  they  fall  perpendicularly ;  7024  arrive,  if 
the  angle  of  direction  be  fifty  degrees ;  2831,  if  it  be 
seven  degrees ;  and  only  five  rays  will  arrive  through  a 
horizontal  stratum.  Since  so  great  a  quantity  of  light 
is  lost  in  passing  through  the  atmosphere,  many  celes- 
tial objects  may  be  altogether  invisible  from  the  plain. 
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which  may  be  seen  from  elevated  situations.  Diminished 
splendour  and  the  false  estimate  we  make  of  distance 
from  the  number  of  intervening  objects,  lead  us  to  sup- 
pose the  sun  and  moon  to  be  much  larger  when  in  the 
horizon  than  at  any  other  altitude,  though  their  appa- 
rent diameters  are  then  somewhat  less.  Instead  of  the 
sudden  transitions  of  light  and  darkness,  the  reflective 
power  of  the  air  adorns  nature  with  the  rosy  and  golden 
hues  of  the  Aurora  and  twilight.  Even  when  the  sun 
is  eighteen  degrees  below  the  horizon,  a  sufficient  portion 
of  light  remains  to  show  that,  at  the  height  of  thirty 
miles  it  is  still  dense  enough  to  reflect  light.  The  at- 
mosphere scatters  the  sun's  rays,  and  gives  all  the 
beautiful  tints  and  cheerfulness  of  day.  It  transmits 
the  blue  light  in  greatest  abundance;  the  higher  we 
ascend,  the  sky  assumes  a  deeper  hue;  but  in  the  ex. 
pause  of  space,  the  sun  and  stars  must  appear  like 
brilliant  specks  in  profound  blackness. 
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SECTION  XIX. 

CONSTITUTION   OF   LIGHT    ACCORDING  TO    SIR   ISAAC    NEWTON.  — 

ABSORPTION  OP  LIGHT. COLOURS  OF  BODIES. CONSTITUTION 

OP  LIGHT  ACCORDING  TO  SIR  DXYID  BREWSTER. —^  FRAUN- 
HOPRR's  dark  LINES. DISPERSION  OP  LIGHT. THE  ACHRO- 
MATIC   TELESCOPE.  HOMOGENEOUS     LIGHT.  ACCIDENTAL 

AND  COMPLEMENTARY  COLOURS.  M.  PLATEAU*S  EXPERI- 
MENTS.   SIR     DAVID     BREWSTER*S    THEORY    OP     ACCIDENTAL 

COLOURS. 

It  is  impossible  thus  to  trace  the  path  of  a  sunbeam 
through  our  atmosphere  without  feeling  a  desire  to  know 
its  nature^  by  what  power  it  traverses  the  immensity  of 
space^  and  the  various  modifications  it  undergoes  at  the 
surfaces  and  in  the  interior  of  terrestrial  substances. 

Sir  Isaac  Newton  proved  the  compound  nature  of 
white  lights  as  emitted  from  the  sun,  by  passing  a  sun- 
beam through  a  glass  prism  ^^  which^  separating  the  rays 
by  refraction,  formed  a  spectrum  or  oblong  image  of  the 
sun,  consisting  of  seven  colours,  red,  orange,  yellow, 
green,  blue,  indigo,  and  violet ;  of  which  the  red  is  the 
least  refrangible,  and  the  violet  the  most.  But  when  he 
re-united  these  seven  rays  by  means  of  a  lens,  the  com- 
pound beam  became  pure  white  as  before.  He  insulated 
each  coloured  ray ;  and  finding  that  it  was  no  longer 
capable  of  decomposition  by  refraction,  concluded  that 
white  light  consists  of  seven  kinds  of  homogeneous  light, 
and  that  to  the  same  colour  the  same  refrangibility  ever 
belongs,  and  to  the  same  refrangibility  the  same  colour. 
Since  the  discovery  of  absorbent  media,  however,  it 
1  Note  isa 
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appears  that  this  is  not  the  constitution  of  the  solar 
spectrum. 

We  know  of  no  substance  that  is  either  perfectly 
opaque  or  perfectly  transparent.     Even  gold  may  he 
beaten  so  thin  as  to  be  pervious   to   light.      On  the 
contrary^  the  clearest  crystal,  the  purest*  air  or  water, 
stops  or  absorbs  its  rays  when  transmitted,  and  gradu- 
ally extinguishes   them   as    they  penetrate  to  greater 
depths.     On  this  account,  objects  cannot  be  seen  at  the 
bottom  of  very  deep  water,  and  many  more  stars  are 
visible  to  the  naked  eye  from  the  tops  of  mountains 
than  from  the  valleys.     The  quantity  of  light  that  is 
incident  on  any  transparent  substance  is  always  greater 
than  the  sum  of  the  reflected  and  refracted  rays.     A 
small  quantity  is  irregularly  reflected  in  all  directions 
by  the  imperfections  of  the  polish  by  which  we  are 
enabled  to  see  the  surface ;  but  a  much  greater  portion 
is  absorbed  by  the  body.     Bodies  that  reflect  all  the 
rays  appear  white,  those  that  absorb  them  all  seem 
black ;    but   most   substances,   after  decomposing    the 
white  light  which  falls  upon  them,  reflect  some  colours 
and  absorb  the  rest.     A  violet  reflects  the  violet  rays 
alone,  and  absorbs  the  others.     Scarlet  cloth  absorbs 
almost  all  the  colours  except  red.     Yellow  cloth  reflects 
the  yellow  rays  most  abundantly,  and  blue  cloth  those 
that  are  blue.     Consequently  colour  is  not  a  property 
of  matter,  but  arises  from  the  action  of  matter  upon 
light.     Thus  a  white  ribbon  reflects  all  the  rays,  but 
when  dyed  red  the  particles  of  the  silk  acquire  the  pro- 
perty of  reflecting  the  red  rays  most  abundantly  and  of 
absorbing  the  others.     Upon  this  property  of  unequal 
absorption,  the  colours  of  transparent  media  depend. 
For  they  also  receive  their  colour  from  their  power  of 
stopping  or  absorbing  some  of  the   colours  of  white 
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light  and  transmitting  others.  As,  for  example,  black 
and  red  inks,  though  equally  homogeneous,  absorb 
different  kinds  of  rays  ;  and  when  exposed  to  the  sun, 
they  become  heated  in  different  degrees  ;  while  pure 
water  seems  to  transmit  all  rays  equally,  and  is  not 
sensibly  heated  by  the  passing  light  of  the  sun.  The 
rich  dark  light  transmitted  by  a  smalt-blue  finger-glass 
is  not  a  homogeneous  colour,  like  the  blue  or  indigo  of 
the  spectrum,  but  is  a  mixture  of  all  the  colours  of 
white  light,  which  the  glass  has  not  absorbed.  The 
colours  absorbed  are  such  as,  mixed  with  the  blue  tint, 
would  form  white  light.  When  the  spectrum  of  seven 
colours  is  viewed  through  a  thin  plate  of  this  glass, 
they  are  all  visible ;  and  when  the  plate  is  very  thick, 
every  colour  is  absorbed  between  the  extreme  red  and 
the  extreme  violet,  the  interval  being  perfectly  black  : 
but  if  the  spectrum  be  viewed  through  a  certain  thick, 
ness  of  the  glass  intermediate  between  the  two,  it  will 
be  found  that  the  middle  of  the  red  space,  the  whole  of 
the  orange,  a  great  part  of  the  green,  a  considerable 
part  of  the  blue,  a  little  of  the  indigo,  and  a  very  little 
of  the  violet,  vanish,  being  absorbed  by  the  blue  glass; 
and  that  the  yellow  rays  occupy  a  larger  space,  covering 
part  of  that  formerly  occupied  by  the  orange  on  one 
side,  and  by  the  green  on  the  other.  So  that  the  blue 
glass  absorbs  the  red  light,  which,  when  mixed  with  the 
yellow,  constitutes  orange;  and  also  absorbs  the  blue  light, 
which,  when  mixed  with  the  yeUow,  forms  the  part  of 
the  green  space  next  to  the  yellow.  Hence,  by  absorp- 
tion, green  light  is  decomposed  into  yellow  and  blue, 
and  orange  light  into  yellow  and  red.  Consequently, 
the  orange  and  green  rays,  though  incapable  of  decom- 
position by  refraction,  can  be  resolved  by  absorption^ 
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and  actually  consist  of  two  different  colours  possessing 
the  same  degree  of  refrangibility.  Difference  of  colour, 
therefore,  is  not  a  test  of  difference  of  refrangibility, 
and  the  conclusion  deduced  by  Newton  is  no  longer  ad- 
missible as  a  general  truth.  By  this  analysis  of  the 
spectrum,  not  only  with  blue  glass  but  with  a  variety  of 
coloured  media.  Sir  David  Brewster,  so  justly  celebrated 
for  his  optical  discoveries,  has  proved,  that  the  solar 
spectrum  consists  of  three  primary  colours,  red,  yellow, 
and  blue,  each  of  which  exists  throughout  its  whole  ex- 
tent, but  with  different  degrees  of  intensity  in  different 
parts ;  and  that  the  superposition  of  these  three  pro- 
duces all  the  seven  hues  according  as  each  primary 
colour  is  in  excess  or  defect.  Since  a  certain  portion 
of  red,  yellow,  and  blue  rays  constitute  white  light, 
the  colour  of  any  point  of  the  spectnun  may  be  con- 
sidered as  consisting  of  the  predominating  colour  at 
that  point  mixed  with  white  Ught.  Consequently,  by 
absorbing  the  excess  of  any  colour  at  any  point  of  the 
spectrum  above  what  is  necessary  to  form  white  Hght, 
such^  white  Ught  will  appear  at  that  point  as  never 
mortal  eye  looked  upon  before  this  experiment,  since  it 
possesses  the  remarkable  property  of  remaining  the  same 
after  any  number  of  refractions,  and  of  being  capable  of 
decomposition  by  absorption  alone. 

When  the  prism  is  very  perfect  and  the  sunbeam 
small,  so  that  the  spectrum  may  be  received  on  a  sheet 
of  white  paper  in  its  utmost  state  of  purity,  it  presents 
the  appearance  of  a  ribbon  shaded  with  all  the  prism- 
atic colours,  having  its  breadth  irregularly  striped  or 
subdivided  by  an  indefinite  number  of  dark,  and  some- 
times black,  lines.  The  greater  number  of  these  rayless 
lines  are  so  extremely  narrow  that  it  is  impossible  to 


y  Google 


192  FRAUNH0FER*8   LINES.  SECT.  SIX. 

see  them  in  ordinary  circumstanceB.  The  best  method 
is  to  receive  the  spectrum  on  the  object  glass  of  a 
telescope^  so  as  to  magnify  them  sufficiently  to  render 
them  visible.  This  experiment  may  also  be  made^  but 
in  an  imperfect  manner^  by  viewing  a  narrow  slit  be- 
tween two  nearly  closed  window,  shutters  through  a  very 
excellent  glass  prism  held  close  to  the  eye^  with  its  re- 
fracting angle  parallel  to  the  line  of  light.  When  the 
spectrum  is  formed  by  the  sun's  rays^  either  direct  or 
indirect  —  as  from  the  sky^  douds^  rainbow^  moon^  or 
planets  —  the  black  bands  are  always  found  to  be  in 
the  same  parts  of  the  spectrum^  and  under  all  circum- 
stances to  maintain  the  same  relative  positions^  breadths, 
and  intensities.  Similar  dark  lines  are  also  seen  in  the 
light  of  the  stars,  in  the  electric  lights  and  in  the  flame 
of  combustible  substances^  though  differently  arranged, 
each  star  and  each  flame  having  a  system  of  dark  lines 
peculiar  to  itself,  which  remains  the  same  under  every 
circumstance.  Dr.  WoUaston  and  M.  Fraunhofer  of 
Munich  discovered  these  lines  deficient  of  rays  inde- 
pendently of  each  other.  M .  Fraunhofer  found  that  their 
number  extends  to  nearly  six  hundred.  From  these 
he  selected  seven  of  the  most  remarkable,  and  deter- 
mined their  distances  so  accurately,  that  they  now  form 
standard  and  invariable  points  of  reference  for  measur- 
ing the  refractive  powers  of  difierent  media  on  the  rays 
of  light,  which  renders  this  department  of  optics  as 
exact  as  any  of  the  physical  sciences.  The  rays  that 
are  wanting  in  the  solar  spectrum,  which  occasion  the 
dark  lines,  are  possibly  absorbed  by  the  atmosphere  of 
the  sun.  If  they  were  absorbed  by  the  earth's  atmo- 
sphere, the  very  same  rays  would  be  wanting  in  the 
spectra  from  the  light  of  the  fixed  stars,  which  is  not 
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the  case ;  for  it  has  ah^ady  been  stated  that  the  position 
of  the  dark  lines  is  not  the  same  in  spectra  from  star- 
light and  from  the  light  of  the  sun.  The  solar  rays 
reflected  from  the  moon  and  planets  would^  most  likely^ 
be  modified  also  by  their  atmospheres^  but  they  are  not; 
for  the  dark  lines  have  precisely  the  same  positions 
in  the  spectra,  from  the  direct  and  reflected  light  of 
the  sun. 

A  sunbeam  received  on  a  screen,  after  passing 
through  a  small  round  hole  in  a  window-shutter, 
appears  like  a  round  white  spot ;  but  when  a  prism  is 
interposed,  the  beam  no  longer  occupies  the  same  space. 
It  is  separated  into  the  prismatic  colours,  and  spread 
over  a  line  of  considerable  length,  while  its  breadth  re- 
mains the  same  with  that  of  the  white  spot.  The  act 
of  spreading  or  separation  is  called  the  dispersion  of 
the  coloured  rays.  Dispersion  always  takes  place  in 
the  plane  of  refraction,  and  is  greater  as  the  angle  of 
incidence  is  greater.  Substances  have  very  difierent 
dispersive  powers.  That  is  to  say,  the  spectra  formed 
by  two  equal  prisms  of  diflerent  substances,  under  pre- 
cisely the  same  circumstances,  are  of  difierent  lengths. 
Thus  if  a  prism  of  flint  glass,  and  one  of  crown  glass, 
of  equal-refracting  angles,  be  presented  to  two  rays  of 
v/hite  light,  it  will  be  found,  that  the  space  over  which 
the  coloured  rays  are  dispersed  by  the  flint  glass  is 
much  greater  than  that  produced  by  the  crown  glass, 
and  as  the  quantity  of  dispersion  depends  upon  the  re-« 
fracting  angle  of  the  prism,  the  angles  of  the  two  prisms 
may  be  made  such,  that  when  the  prisms  are  placed 
close  together  with  their  edges  turned  opposite  ways, 
they  will  exactly  oppose  each  other's  action,  and  will 
refract  the  coloured  rays  equally  but  in  contrary  direc 
o 
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tions,  so  that  an  exact  compensation  will  be  effected,  and 
the  light  will  be  refracted  without  colour. i  The 
achromatic  telescope  is  constructed  on  this  principle. 
That  instrument  consists  of  a  tube  with  an  object-glass 
or  lens  at  one  end,  to  bring  the  rays  to  a  focus, 
and  form  an  image  of  the  distant  object,  and  a  magni- 
fying glass  at  the  other  end,  with  which  to  view  the 
image  thus  formed.  Now  it  was  found  that  the  object- 
glass,  instead  of  making  the  rays  converge  to  one  point, 
dispersed  them  and  gave  a  confused  and  coloured 
image :  but  by  constructing  it  of  two  lenses  in  con- 
tact, one  of  flint  and  the  other  of  crown  glass  of 
certain  forms  and  proportions,  the  dispersion  is  coun- 
teracted, and  a  perfectly  well-defined  and  colourless 
image  of  the  object  is  formed.^  It  was  thought  to  be 
impossible  to  produce  refraction  without  colour,  till 
Mr.  Hall,  a  gentleman  of  Worcestershire,  constructed  a 
telescope  on  this  principle  in  the  year  1733,  and 
twenty-five  years  afterwards  the  achromatic  telescope 
was  brought  to  perfection  by  Mr.  Dollond,  a  celebrated 
optician  in  London. 

A  perfectly  homogeneous  colour  is  very  rarely  to  be 
found,  but  the  tints  of  all  substances  are  most  brilliant 
when  viewed  in  light  of  their  own  colour.  The  red  of 
a  wafer  is  much  more  vivid  in  red  than  in  white  light ; 
whereas,  if  placed  in  homogeneous  yeUow  light,  it  can 
no  longer  appear  red,  because  there  is  not  a  ray  of  red 
in  the  yellow  light.  Were  it  not  that  the  wafer,  like 
all  other  bodies  whether  coloured  or  not,  reflects  white 
light  at  its  outer  surface,  it  would  appear  absolutely 
black  when  placed  in  yellow  light. 

After  looking  steadily  for  a  short  time  at  a  coloured 
1  Note  189.  >  Note  190. 
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object,  such  as  a  red  wafer,  on  turning  the  eyes  to  a 
white  substance,  a  green  image  of  the  wafer  will  appear, 
which  is  called  the  accidental  colour  of  red.  All  tints 
have  their  accidental  colours: — thus  the  accidental 
colour  of  orange  is  blue  ;  that  of  yellow  is  indigo  ;  of 
green,  reddish- white ;  of  blue,  orange-red  ;  of  violet, 
yellow ;  and  of  white,  black ;  and  vice  versd.  When 
the  direct  and  accidental  colours  are  of  the  same  inten- 
sity, the  accidental  is  then  called  the  complementary 
colour,  because  any  two  colours  are  said  to  be  comple- 
mentary to  one  another  which  produce  white  when 
combined. 

From  recent  experiments  by  M.  Plateau  of  Brussels 
it  appears  that  two  complementary  colours  from  direct 
impression,  which  would  produce  white  when  combined, 
produce  black,  or  extinguish  one  another  by  their  union, 
when  accidental ;  and  also  that  the  combination  of  all 
the  tints  of  the  solar  spectrum  produces  white  light  if 
they  be  from  a  direct  impression  on  the  eye,  whereas 
blackness  results  from  a  union  of  the  same  tints  if  they 
be  accidental.  According  to  Sir  David  Brewster  this 
phenomenon  has  been  long  known,  but  attributed  to  the 
effect  of  accidental  colours  on  the  eye,  and  not  to  their 
actual  combination ;  because  an  accidental  colour  can- 
not be  combined  with  another  like  the  rays  of  ordinary 
colours.  When  the  eye  sees  an  accidental  colour, 
such  as  an  accidental  red,  it  is  at  the  time  insensible  to 
every  other  colour.  If  then  the  retina  be  instantly  ex- 
cited by  another  accidental  colour,  as  an  accidental 
green,  for  example,  the  eye  will  see  blackness,  not  be- 
cause the  accidental  red  and  the  accidental  green  com- 
pose black,  but  because  the  eye  has  been  successively 
rendered  insensible  to  the  two  colours  which  compose 
white  light.     When  the  image  of  an  object  is  impressed 
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on  the  retina  only  for  a  few  moments^  the  picture  left  is 
exactly  of  the  same  colour  with  the  object,  but  in  an 
extremely  short  time  the  picture  is  succeeded  by  the 
accidental  image.  If  the  prevailing  impression  be  a  very 
strong  white  light,  its  accidental  image  is  not  black,  but 
a  variety  of  colours  in  succession.  With  a  little  atten. 
tion,  it  will  generally  be  found  that,  whenever  the  eye  is 
affected  by  one  prevailing  colour,  it  sees  at  the  same 
time  the  accidental  colour,  in  the  same  manner  as  in 
music  the  ear  is  sensible  at  once  to  the  fundamental  note 
and  its  harmonic  sounds.  The  imagination  has  a 
powerful  influence  on  our  optical  impressions,  and  has 
been  known  to  revive  the  images  of  highly  luminous 
objects  months  and  even  years  afterwards. 
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SECTION  XX. 

INTERFERENCE  OP  LIGHT.  UNDULATORS"  THEORY  OP  tiGHT. 

PROPAGATION  OF  LIGHT. NEWTON*S  RINGS. MEASUREMENT 

OF  THE  LENGTH  OP   THE   WAVES    OP    LIGHT,    AND  OP   THE  FRE- 
QUENCY OP  THE  VIBRATIONS    OP    ETHER  FOR    EACH  COLOUR. 

NEWTON*S   SCALE    OF    COLOURS. DIFFRACTION   OF    LIGHT.— 

SIR  JOHN  HERSCHEI.*S  THEORY  OF  THE  ABSORPTION  OF  LIGHT. 

REFRACTION  AND  REFLECTION  OF  LIGHT. 

Newton  and  most  of  his  immediate  successors  imagined 
light  to  be  a  material  substance^  emitted  by  all  self-lu. 
minous  bodies  in  extremely  minute  particles^  moving  in 
4straight  lines  with  prodigious  velocity,  which,  by  im- 
pinging upon  the  optic  nerves,  produce  the  sensation  of 
light.  Many  of  the  observed  phenomena  have  been 
successfully  explained  by  this  theory  ;  it  seems,  how- 
ever, totally  inadequate  to  account  for  the  following 
circumstances. 

When  two  equal  rays  of  red  light,  proceeding  from 
two  luminous  points,  fall  upon  a  sheet  of  white  paper  in 
a  dark  room,  they  will  produce  a  red  spot  on  it,  which 
will  be  twice  as  bright  as  either  ray  would  produce 
singly,  provided  the  difference  in  the  lengths  of  the  two 
beams,  from  the  luminous  points  to  the  red  spot  on  the 
paper,  be  exactly  the  0-0000258th  part  of  an  inch.  The 
same  effect  will  take  place  if  the  difference  in  their 
lengths  be  twice,  three  times,  four  times,  &c.,  that 
quantity.  But  if  the  difference  in  the  lengths  of  the 
two  rays  be  equal  to  one  half  of  the  0*0000258th  part 
of  an  inch,  or  to  its  1^,  2},  3^,  &c.  part,  the  one  light 
will  entirely  extinguish  the  other,  and  will  produce  ab- 
solute darkness  on  the  paper  where  the  united  beams 
o  3 
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fall.  If  the  difference  in  the  lengths  of  their  paths  he 
equal  to  the  1^,  2^,  3^,  &c.  of  the  0*0000258th  part  of 
an  inch^  the  red  spot  arising  from  the  combined  beams 
will  he  of  the  same  intensity  which  one  alone  would 
produce.  If  violet  light  he  employed,  the  difference  in 
the  lengths  of  the  two  beams  must  be  equal  to  the 
0*00001 57th  part  of  an  inch,  in  order  to  produce  the 
same  phenomena ;  and  for  the  other  colours,  the  difference 
must  be  intermediate  between  the  0*000025 8th  and  the 
0'0000157th  part  of  an  inch.  Similar  phenomena  may 
be  seen  by  viewing  the  flame  of  a  candle  through  two 
very  fine  slits  in  a  card  extremely  near  to  one  another i; 
or  by  admitting  the  sun*s  light  into  a  dark  room  through 
a  pin-hole  about  the  fortieth  of  an  inch  in  diameter,  and 
receiving  the  image  on  a  sheet  of  white  paper.  When 
a  slender  wire  is  held  in  the  light,  its  shadow  consists  of 
a  bright  white  bar  or  stripe  in  the  middle,  with  a  series 
of  alternate  black  and  brightly  coloured  stripes  on  each 
side.  The  rays  which  bend  round  the  wire  in  two 
streams  are  of  equal  lengths  in  the  middle  stripe  ;  it  is 
consequently  doubly  bright  from  their  combined  effect ; 
but  the  rays  which  fall  on  the  paper  on  each  side  of  the 
bright  stripe,  being  of  such  unequal  lengths  as  to  de- 
stroy one  another,  form  black  lines.  On  each  side  of 
these  black  lines  the  rays  are  again  of  such  lengths  as 
to  combine  to  form  bright  stripes,  and  so  on  alter- 
nately, till  the  light  is  too  faint  to  be  visible.  When 
any  homogeneous  light  is  used,  such  as  red,  the  alter- 
nations are  only  black  and  red ;  but  on  account  of  the 
heterogeneous  nature  of  white  light,  the  black  lines  alter- 
nate with  vivid  stripes  or  fringes  of  prismatic  colours, 
arising  from  the  superposition  of  systems  of  alternate 
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black  lines  and  lines  of  each  homogeneous  colour.  That 
the  alternation  of  black  lines  and  coloured  fringes  ac- 
tually does  arise  from  the  mixture  of  the  two  streams 
of  light  which  flow  round  the  wire,  is  proved  by  their 
vanishing  the  instant  one  of  the  streams  is  interrupted. 
It  may  therefore  be  concluded,  as  often  as  these  stripes 
of  Ught  and  darkness  occur,  that  they  are  owing  to  the 
rays  combining  at  certain  intervals  to  produce  a  joint 
effect,  and  at  others  to  extinguish  one  another.  Now  it 
is  contrary  to  all  our  ideas  of  matter  to  suppose  that  two 
particles  of  it  should  annihilate  one  another  under  any 
circumstances  whatever;  while,  on  the  contrary,  two 
opposing  motions  may,  and  it  is  impossible  not  to  be 
struck  with  the  perfect  similarity  between  tlie  inter- 
ferences of  small  undulations  of  air  and  water  and  the 
preceding  phenomena.  The  analogy  is  indeed  so  perfect 
that  philosophers  of  the.  highest  authority  concur  in  the 
supposition  that  the  celestial  regions  are  filled  with  an 
extremely  rare,  imponderable,  and  highly  elastic  medium 
or  ether,  whose  particles  are  capable  of  receiving  the 
vibrations  communicated  to  them  by  self-luminous  bo- 
dies, and  of  transmitting  them  to  the  optic  nerves,  so  as 
to  produce  the  sensation  of  light.  The  acceleration  in 
the  mean  motion  of  Encke*s  comet,  as  well  as  in  the 
mean  motion  of  the  comet  discovered  by  M.  Biela, 
renders  the  existence  of  such  a  medium  almost  certain. 
It  is  clear  that,  in  this  hypothesis,  the  alternate  stripes 
of  light  and  darkness  are  entirely  the  effect  of  the 
interference  of  the  undulations;  for,  by  actual  mea- 
surement, the  length  of  a  wave  of  the  mean  red  rays 
of  the  solar  spectrum  is  equal  to  the  0*0000258th 
part  of  an  inch ;  consequently,  when  the  elevation  of 
the  waves  combine,  they  produce  double  the  intensity 
of  light  that  each  would  do  singly ;  and  when  half  a 
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wave  combines  with  a  whole^  —  that  is,  when  the  hol- 
low of  one  wave  is  filled  up  by  the  elevation  of  an- 
other, darkness  is  the  result.  At  intermediate  points 
between  these  extremes,  the  intensity  of  the  light  corre- 
sponds to  intermediate  differences  in  the  lengths  of  the 
rays. 

The  theory  of  interferences  is  a  particular  case  of  the 
general  mechanical  law  of  the  superposition  of  small 
motions ;  whence  it  appears  that  the  disturbance  of  a 
particle  of  an  elastic  medium,  produced  by  two  coexistent 
undulations,  is  the  sum  of  the  disturbances  which  each 
undulation  would  produce  separately  ;  consequently,  the 
particle  will  move  in  the  diagonal  of  a  parallelogram, 
whose  sides  are  the  two  undulations.  If,  therefore,  the 
two  undulations  agree  in  direction,  or  nearly  so,  the  re- 
sulting motion  will  be  very  nearly  equal  to  their  sum^ 
and  in  the  same  direction  :  if  they  nearly  oppose  one 
another,  the  resulting  motion  will  be  nearly  equal  to 
their  difference ;  and  if  the  undulations  be  equal  and 
opposite,  the  resultant  will  be  zero,  and  the  particle  will 
remain  at  rest. 

The  preceding  experiments,  and  the  inferences  de- 
duced from  them,  which  have  led  to  the  establishment 
of  the  doctrine  of  the  undulations  of  light,  are  the  most 
splendid  memorials  of  our  illustrious  countryman  Dr. 
Thomas  Young,  though  Huygens  was  the  first  to  ori- 
ginate the  idea. 

It  is  supposed  that  the  particles  of  luminous  bodies  are 
in  a  state  of  perpetual  agitation,  and  that  they  possess 
the  property  of  exciting  regular  vibrations  in  the  ethe- 
real medium,  correjsponding  to  the  vibrations  of  their 
own  molecules :  and  that,  on  account  of  its  elastic  na- 
ture, one  particle  of  the  ether,  when  set  in  motion,  com- 
municates its  vibrations  to  those  adjacent,  which  in  suo- 
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cession  transmit  them  to  those  farther  off;  so  that  the 
primitive  impulse  is  transferred  from  particle  to  particle^ 
and  the  undulating  motion  darts  through  ether  like  a  wave 
in  water.  Although  the  progressive  motion  of  light  is 
known  by  experience  to  be  uniform^  and  in  a  straight 
line^  the  vibrations  of  the  particles  are  always  at  right 
angles  to  the  direction  of  the  ray.  The  propagation  of 
light  is  like  the  spreading  of  waves  in  water ;  but  if  one 
ray  alone  be  considered^  its  motion  may  be  conceived  by 
supposing  a  rope  of  indefinite  length  stretched  horizon- 
tally^ one  end  of  which  is  held  in  the  hand.  If  it  be 
agitated  to  and  fro  at  regular  intervals^  with  a  motion 
perpendicular  to  its  lengthy  a  series  of  similar  and  equal 
tremors  or  waves  will  be  propagated  along  it ;  and  if  the 
regular  impulses  be  given  in  a  variety  of  planes^  as  up 
and  down^  from  right  to  left^  and  also  in  oblique  direc- 
tions^ the  successive  undulations  will  take  place  in  every 
possible  plane.  An  analogous  motion  in  the  ether,  when 
communicated  to  the  optic  nerves^  would  produce  the 
sensation  of  common  light.  It  is  evident  that  the  waves 
which  flow  from  end  to  end  of  the  cord  in  a  serpentine 
form  are  altogether  different  from  the  perpendicular 
vibratory  motion  of  each  particle  of  the  rope,  which 
never  deviates  far  from  a  state  of  rest.  So  in  ether, 
each  particle  vibrates  perpendicularly  to  the  direction  of 
the  ray ;  but  these  vibrations  are  totally  different  from, 
and  independent  of,  the  undulations  which  are  trans- 
mitted through  it,  in  the  same  manner  as  the  vibrations 
of  each  particular  ear  of  com  are  independent  of  the 
waves  that  rush  from  end  to  end  of  a  harvest-field  when 
agitated  by  the  wind. 

The  intensity  of  light  depends  upon  the  amplitude  or 
extent  of  the  vibrations  of  the  particles  of  ether ;  while 
its  colour  depends  upon  their  frequency.     The  time  of 
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the  vibration  of  a  particle  of  ether  is,  by  theory,  as  the 
length  of  a  wave  directly,  and  inversely  as  its  velocity. 
Now,  as  the  velocity  of  light  is  known  to  be  192,000 
miles  in  a  second,  if  the  lengths  of  the  waves  of  the 
different  coloured  rays  could  be  measured,  the  number 
of  vibrations  in  a  second  corresponding  to  each  could  be 
computed ;  that  has  been  accomplished  as  follows  : — 
All  transparent  substances  of  a  certain  thickness,  with 
parallel  surfaces,  reflect  and  transmit  white  light;  but  if 
they  be  extremely  thin,  both  the  reflected  and  trans- 
mitted light  is  coloured.  The  vivid  hues  on  soap- 
bubbles,  the  iridescent  colours  produced  by  heat  on 
polishedv  steel  and  copper,  the  fringes  of  colour  between 
the  laminae  of  Iceland  spar  and  sulphate  of  lime,  all 
consist  of  a  succession  of  hues  disposed  in  the  same 
order,  totally  independent  of  the  colour  of  the  sub- 
stance, and  determined  solely  by  its  greater  or  less  thick- 
ness,— a  circumstance  which  affords  the  means  of 
ascertaining  the  length  of  the  waves  of  each  coloured 
ray,  and  the  frequency  of  the  vibrations  of  the  particles 
producing  them.  If  a  plate  of  glass  be  laid  upon  a  lens 
of  almost  imperceptible  curvature,  before  an  open  win- 
dow; when  they  are  pressed  together  a  black  spot  will 
be  seen  in  the  point  of  contact,  surrounded  by  seven 
rings  of  vivid  colours,  all  differing  from  one  another,  i 
In  the  first  ring,  estimated  from  the  black  spot,  the 
colours  succeed  each  other  in  the  following  order  :-^ 
black,  very  faint  blue,  brilliant  white,  yellow,  orange, 
and  red.  They  are  quite  different  in  the  other  rings, 
and  in  the  seventh  the  only  colours  are  pale  bluish- 
green  and  very  pale  pink.  That  these  rings  are  formed 
between  the  two  surfaces  in  apparent  contact  may  be 
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proved  by  laying  a  prism  on  the  lens^  instead  of  the 
plate  of  glass,  and  viewing  the  rings  through  the  in- 
clined side  of  it  that  is  next  to  the  eye,  which  arrange- 
ment prevents  the  light  reflected  from  the  upper  surface 
mixing  with  that  from  the  surfaces  in  contact,  so  that 
the  intervals  between  the  rings  appear  perfectly  black, — 
one  of  the  strongest  circumstances  in  favour  of  the  un- 
dulatory  theory;  for,  although  the  phenomena  of  the 
rings  can  be  explained  by  either  hypothesis,  there  is  this 
material  difference,  that,  according  to  the  undulatory 
theory,  the  intervals  between  the  rings  ought  to  be  abso- 
lutely black,  which  is  confirmed  by  experiment ;  where- 
as, by  the  emanating  doctrine,  they  ought  to  be  half 
illuminated,  which  is  not  found  to  be  the  case.  M. 
Fresnel,  whose  opinion  is  of  the  first  authority,  thought 
this  test  conclusive.  It  may  therefore  be  concluded  that 
the  rings  arise  entirely  from  the  interference  of  the  rays : 
the  light  reflected  from  each  of  the  surfaces  in  apparent 
contact  reaches  the  eye  by  paths  of  different  lengths, 
and  produces  coloured  and  dark  rings  alternately,  ac- 
cording as  the  reflected  waves  coincide  or  destroy  one 
another.  The  breadths  of  the  rings  are  unequal ;  they 
decrease  in  width,  and  the  colours  become  more  crowded, 
as  they  recede  from  the  centre.  Coloured  rings  are  also 
produced  by  transmitting  light  through  the  same  appa- 
ratus ;  but  the  colours  are  less  vivid,  and  are  comple- 
mentary to  those  reflected,  consequently  the  central  spot 
is  Tdiite. 

ThB  size  of  the  rings  increases  with  the  obliquity  of 
the  incident  light ;  the  same  colour  requiring  a  greater 
thickness  or  space  between  the  glasses  to  produce  it  than 
when  the  light  falls  perpendicularly  upon  them.  Now 
if  the  apparatus  be  placed  in  homogeneous  instead  of 
white  light^  the  rings  will  all  be  of  the  same  colour  with 
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that  of  the  light  employed.  That  is  to  say,  if  the  Ught 
be  red,  the  rings  will  be  red  divided  by  black  intervals. 
The  size  of  the  rings  varies  with  the  colour  of  the  light. 
They  are  largest  in  red,  and  decrease  in  magnitude  with 
the  succeeding  prismatic  colours,  being  smallest  in  violet 
light. 

Since  one  of  the  glasses  is  plane  and  the  other  sphe- 
rical, it  is  evident  that,  from  the  point  «of  contact,  the 
space  between  them  gradually  increases  in  thickness  all 
round,  so  that  a  certain  thickness  of  air  corresponds  to 
each  colour,  which,  in  the  undulatory  system,  measures 
the  length  of  the  wave  producing  it.  ^  By  actual  mea- 
surement. Sir  Isaac  Newton  found  that  the  squares  of 
the  diameters  of  the  brightest  parts  of  each  ring  are  as 
the  odd  numbers,  1,  3,  5,  7>  &c. ;  and  that  the  squares 
of  the  diameters  of  the  darkest  parts  are  as  the  even 
numbers  0,  2,  4,  6,  &c  Consequently  the  intervals 
between  the  glasses  at  these  points  are  in  the  same  pro- 
portion. If,  then,  the  thickness  of  the  air  correspond- 
ing to  any  one  colour  could  be  found,  its  thickness  for 
all  the  others  would  be  known.  Now,  as  Sir  Isaac 
Newton  knew  the  radius  of  curvature  of  the  lens,  and 
the  actual  breadth  of  the  rings  in  parts  of  an  inch,  it 
was  easy  to  compute  that  the  thickness  of  air  at  the  dark- 
est part  of  the  first  ring  is  the  ^^^^j^th  part  of  an  inch, 
whence  all  the  others  have  been  deduced.  As  these  in- 
tervals determine  the  lengths  of  the  waves  on  the  undu- 
latory hypothesis,  it  appears  that  the  length  of  a  wave 
of  the  extreme  red  of  the  solar  spectrum  is  equal  to  the 
O*0000266th  part  of  an  inch ;  that  the  length  of  a  wave 
of  the  extreme  violet  is  equal  to  the  0'OOOOl67th  part 
of  an  inch ;  and  as  the  time  of  a  vibration  of  a  particle 
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of  ether  producing  any  particular  colour  is  directly  as 
the  length  of  a  wave  of  that  colour,  and  inversely  as  the 
velocity  of  light,  it  follows  that  the  molecules  of  ether 
producing  the  extreme  red  of  the  solar  spectrum  perform 
458  millions  of  millions  of  vibrations  in  a  second ;  and 
that  those  producing  the  extreme  violet  accomplish  727 
millions  of  millions  of  vibrations  in  the  same  time. 
The  lengths  of  the  waves  of  the  intermediate  colours 
and  the  number  of  their  vibrations  being  intermediate 
between  these  two,  white  light,  which  consists  of  all 
the  colours,  is  consequently  a  mixture  of  waves  of  all 
lengths  between  the  limits  of  the  extreme  red  and  vio- 
let. The  determination  of  these  minute  portions  of 
time  and  space,  both  of  which  have  a  real  existence, 
being  the  actual  results  of  measurement,  do  as  much 
honour  to  the  genius  of  Newton  as  that  of  the  law  of 
gravitation. 

The  phenomenon  of  the  coloured  rings  takes  place  in 
vacuo  as  well  as  in  air ;  which  proves  that  it  is  the  dis- 
tance between  the  lenses  alone,  and  not  the  air,  which 
produces  the  colours.  However,  if  water  or  oil  be  put 
between  them,  the  rings  contract,  but  no  other  change 
ensues,  and  Newton  found  that  the  thickness  of  differ- 
ent media  at  which  a  given  tint  is  seen  is  in  the  inverse 
ratio  of  their  refractive  indices,  so  that  the  thickness  of 
lamins  may  be  known  by  their  colour,  which  could  not 
otherwise  be  measured;  and  as  the  position  of  the 
colours  in  the  rings  is  invariable,  they  form  a  £xed 
standard  of  comparison,  well  known  as  Newton's  scale 
of  colours;  each  tint  being  estimated  according  to  the 
ring  to  which  it  belongs  from  the  central  spot  inclu- 
sively. Not  only  the  periodical  colours  which  have  been 
described,  but  the  colours  seen  in  thick  plates  of  trans- 
parent substances,  the  variable  hues  of  feathers,  of  in- 
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sects'  wings,  and  of  striated  substances,  all  depend  upon 
the  same  principle.  To  these  may  be  added  the  co- 
loured fringes,  surrounding  the  shadows  of  all  bodies, 
held  in  an  extremely  small  beam  of  light,  and  the 
coloured  rings  surrounding  the  small  beam  itself  when 
received  on  a  screen. 

When  a  very  slender  sunbeam  passing  through  a 
small  pin-hole  into  a  dark  room,  is  received  on  a  white 
screen,  or  plate  of  ground  glass,  at  the  distance  of  a 
little  more  than  six  feet,  the  spot  of  light  on  the  screen  is 
larger  than  the  pin-hole  ;  and  instead  of  being  bounded 
by  shadow,  it  is  surrounded  by  a  series  of  coloured 
rings  separated  by  obscure  intervals.  The  rings  are 
more  distinct  in  proportion  to  the  smallness  of  the 
beam.  ^  When  the  light  is  white,  there  are  only  (bc«e  $rewn» 
rings,  which  dilate  or  contract  with  the  distance  of  the 
screen  from  the  hole.  As  the  distance  of  the  screen 
diminishes,  the  white  central  spot  contracts  to  a  point 
and  vanishes ;  and  on  approaching  still  nearer,  the  rings 
gradually  close  in  upon  it,  so  that  the  centre  assumes 
successively  the  most  intense  and  vivid  hues.  When 
the  light  is  homogeneous,  as  red,  for  example,  the  rings 
are  alternately  red  and  black,  and  more  numerous ;  and 
their  breadth  varies  with  the  colour,  being  broadest  in 
red  light  and  narrowest  in  violet.  The  tints  of  the 
coloured  frmgesj^om  white  light,  and  their  obliteration 
after  the  H^fA  ring  arise  from  the  superposition  of  the 
different  sets  of  fringes  of  all  the  coloured  rays.  The 
shadows  of  objects  are  also  bordered  by  coloured 
fringes  when  held  in  this  slender  beam  of  light  If  the 
edge  of  a  knife  or  a  hair,  for  example,  be  held  in  it, 
the  rays,  instead  of  proceeding  in  straight  lines  past 
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its  edge,  are  bent  when  quite  close  to  it,  and  proceed 
from  thence  to  the  screen  in  curved  lines,  called  hyper- 
bolas ;  so  that  the  shadow  of  the  object  is  enlarged ;  and 
instead  of  being  at  once  bounded  by  light,  is  surrounded 
or  edged  with  coloured  fringes,  alternating  with  black 
bands,  which  are  more  distinct  the  smaller  the  pin- 
hole. 1  The  fringes  are  altogether  independent  of  the 
form  or  density  of  the  object,  being  the  same  when  it  is 
round  or  pointed,  when  of  glass  or  platina.  When 
the  rays  which  form  the  fringes  arrive  at  the  screen, 
they  are  of  different  lengths,  in  consequence  of  the 
curved  path  they  follow  after  passing  the  edge  of  the 
object.  The  waves  are  therefore  in  different  phases  or 
states  of  vibration,  and  either  conspire  to  form  coloured 
fringes  or  destroy  one  another  in  the  obscure  intervals. 
The  coloured  fringes  bordering  the  shadows  of  objects 
were  first  described  by  Grimaldi  in  1665 ;  but  besides 
these  he  noticed  that  there  are  others  within  the  sha- 
dows of  slender  bodies  exposed  to  a  small  sunbeam — a 
phenomenon  which  has  already  been  mentioned  to  have 
afforded  Dr.  Young  the  means  of  proving,  beyond  aU 
controversy,  that  coloured  rings  are  produced  by  the 
interference  of  light. 

It  may  be  concluded,  that  material  substances  derive 
their  colours  from  two  different  causes :  some  from  the 
law  of  interference,  such  as  iridescent  metals,  peacock's 
feathers,  &c. ;  and  others  from  the  unequal  absorption  of 
the  rays  of  white  light,  such  as  vermilion,  ultramarine, 
blue  or  green  cloth,  flowers,  and  the  greater  number  of 
coloured  bodies.  The  latter  phenomena  have  been  con- 
sidered  extremely  difficult  to  reconcile  with  the  undula- 
tory  theory  of  light,  and  much  discussion  has  arisen  as 
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to  what  becomes  of  the  absorbed  rays.  But  that  em- 
barrassing question  has  been  ably  answered  by  Sir  John 
Herschel  in  a  most  profound  paper.  On  the  Absorption 
of  Light  by  coloured  Media,  and  cannot  be  better  given 
than  in  his  own  words.  It  must,  however,  be  premised, 
that  as  all  transparent  bodies  are  traversed  by  light, 
they  are  presumed  to  be  permeable  to  the  ether.  He 
says,  ''  Now,  as  regards  only  the  general  fact  of  the 
obstruction  and  ultimate  extinction  of  light  in  its  pas- 
sage through  gross  media,  if  we  compare  the  corpuscular 
and  undulatory  theories,  we  shall  find  that  the  former 
appeals  to  our  ignorance,  the  latter  to  our  knowledge, 
for  its  explanation  of  the  absorptive  phenomena.  In 
attempting  to  explain  the  extinction  of  light,  on  the 
corpuscular  doctrine,  we  have  to  account  for  the  light  so 
extinguished  as  a  material  body,  which  we  must  not 
suppose  annihilated.  It  may,  however,  be  transformed ; 
and  among  the  imponderable  agents,  heat,  electricity, 
&c.,  it  may  be  that  we  are  to  search  for  the  light  which 
has  become  thus  comparatively  stagnant.  The  heating 
power  of  the  solar  rays  gives  a  primd  facie  plausibility 
to  the  idea  of  a  transformation  of  light  into  heat  by  ab- 
sorption. But  when  we  come  to  examine  the  matter 
more  nearly,  we  find  it  encumbered  on  all  sides  with 
difficulties.  How  is  it,  for  instance,  that  the  most  lu- 
minous rays  are  not  the  most  calorific;  but  that,  on  the 
contrary,  the  calorific  energy  accompanies,  in  its  greatest 
intensity,  rays  which  possess  comparatively  feeble  illu- 
minating powers  ?  These  and  other  questions  of  simi- 
lar nature  may  perhaps  admit  of  answer  in  a  more 
advanced  state  of  our  knowledge ;  but  at  present  there 
is  none  obvious.  It  is  not  without  reason,  therefore, 
that  the  question,  ^  What  becomes  of  light  ? '  which 
appears  to  have  been  agitated  among  the  photologists  of 
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the  last  century^  has  been  regarded  as  one  of  consider- 
able importance  as  well  as  obscurity,  by  the  corpuscular 
philosophers.  On  the  other  hand,  the  answer  to  this 
question,  afforded  by  the  undulatory  theory  of  light,  is 
simple  and  distinct.  The  question,  '  What  becomes  of 
light  ?  *  merges  in  the  more  general  one,  ^  What  be- 
comes of  motion?'  And  the  answer,  on  dynamical 
principles,  is,  that  it  continues  for  ever.  No  motion  is, 
strictly  speaking,  annihilated ;  but  it  may  be  divided, 
and  the  divided  parts  made  to  oppose  and,  in  effect,  de- 
stroy one  another.  A  body  struck,  however  perfectly 
elastic,  vibrates  for  a  time,  and  then  appears  to  sink 
into  its  original  repose.  But  this  apparent  rest  (even 
abstracting  from  the  enquiry  that  part  of  the  motion 
which  may  be  conveyed  away  by  the  ambient  air,)  is 
nothing  else  than  a  state  of  subdivided  and  mutually 
destroying  motion,  in  which  every  molecule  continues 
to  be  agitated  by  an  indefinite  multitude  of  in.ternally 
reflected  waves,  propagated  through  it  in  every  possible 
direction,  from  every  point  in  its  surface  on  which  they 
successively  impinge.  The  superposition  of  such  waves 
will,  it  is  easily  seen,  at  length  operate  their  mutual 
destruction,  which  will  be  the  more  complete  the  more 
irregular  the  figure  of  the  body  and  the  greater  the  num- 
ber of  internal  reflections."  Thus  Sir  John  Herschel, 
by  referring  the  absorption  of  light  to  the  subdivision 
and  mutual  destruction  of  the  vibrations  of  ether  in  the 
interior  of  bodies,  brings  another  class  of  phenomena 
under  the  laws  of  the  undulatory  theory. 

The  ethereal  medium  pervading  space  is  supposed  to 
penetrate  all  material  substances,  occupying  the  inter- 
stices between  their  molecules ;  but  in  the  interior  of 
refracting  media  it  exists  in  a  state  of  less  elasticity 
<jomp^ed  with  its  density  in  vacuo  ;  and  the  more  re- 
p 
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fractive  the  medium^  the  less  the  elasticity  of  the  ether 
within  it.  Hence  the  waves  of  light  are  transmitted 
with  less  velocity  in  such  media  as  glass  and  water  than 
in  the  external  ether.  As  soon  as  a  ray  of  light  reaches 
the  surface  of  a  diaphanous  reflecting  suhstance^  for 
example,  a  plate  of  glass,  it  communicates  its  undula- 
tions to  the  ether  next  in  contact  with  the  surface^ 
which  thus  hecoraes  a  new  centre  of  motion,  and  two 
hemispherical  waves  are  propagated  from  each  point  of 
this  surface ;  one  of  which  proceeds  forward  into  the 
interior  of  the  glass,  with  a  less  velocity  than  the  ind. 
dent  wave ;  and  the  other  is  transmitted  hack  into  the 
air,  with  a  velocity  equal  to  that  with  which  it  came.  ^ 
Thus  when  refracted,  the  light  moves  with  a  different 
velocity  without  and  within  the  glass ;  when  reflected, 
the  ray  comes  and  goes  with  the  same  velocity.  The 
particles  of  ether  without  the  glass,  which  communicate 
their  motions  to  the  particles  of  the  dense  and  less  dastie 
ether  within  it,  are  analogous  to  small  elastic  halls 
striking  large  ones ;  for  some  of  the  motion  will  he 
communicated  to  the  large  halls,  and  the  small  ones  will 
he  reflected.  The  first  would  cause  the  refracted  wave ; 
and  the  last,  the  reflected.  Conversely,  when  the  light 
passes  from  glass  to  air,  the  action  is  similar  to  large 
halls  striking  small  ones.  The  small  halls  receive  a 
motion  which  would  cause  the  refracted  ray,  and  the 
part  of  the  motion  retained  hy  the  large  ones  would 
occasion  the  reflected  wave ;  so  that  when  light  passes 
through  a  plate  of  glass  or  of  any  other  medium  differ- 
ing in  density  from  the  air,  there  is  a  reflection  at  hoth 
surfaces;  but  this  difference  exists  between  the  two 
reflections,  that  one  is  caused  by  a  vibration  in  the  same 
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direction  nvith  that  of  the  incident  ray^  and  the  other  hy 
a  yihration  in  the  opposite  direction. 

A  single  wave  of  air  or  ether  would  not  produce  the 
sensation  of  sound  or  light.  In  order  to  excite  vision^ 
the  vibrations  of  the  molecules  of  ether  must  be  regular^ 
periodical,  and  very  often  repeated;  and  as  the  ear 
continues  to  be  agitated  for  a  short  time  after  the  im« 
pulse,  by  which  alone  a  sound  becomes  continuous^  so 
also  the  fibres  of  the  retina^  according  to  M.  d'Arcet, 
continue  to  vibrate  for  about  the  eighth  part  of  a  second^ 
after  the  exciting  cause  has  ceased.  Every  one  must 
have  observed^  when  a  strong  impression  is  made  by  a 
bright  lights  that  the  object  remains  visible  for  a  short 
time  after  shutting  the  eyes,  which  is  supposed  to  be  in 
consequence  of  the  continued  vibrations  of  the  fibres  of 
the  retina.  Occasionally  the  retina  becomes  insensible 
to  feebly  illuminated  objects  when  continuously  pre- 
sented. If  the  eye  be  turned  aside  for  a  moment  the 
object  becomes  again  visible.  It  is  probably  on  this 
account  that  the  owl  makes  so  peculiar  a  motion  with 
its  head  when  looking  at  objects  in  the  twilight.  It  is 
quite  possible  that  many  vibrations  may  be  excited  in 
the  ethereal  medium  incapable  of  producing  undulations 
in  the  fibres  of  the  human  retina,  which  yet  have  a 
powerful  efffect  on  those  of  other  animals  or  of  insects. 
Such  may  receive  luminous  impressions  of  which  we 
are  totally  unconscious,  and  at  the  same  time  they  may 
be  insensible  to  the  light  and  colours  which  affect  our 
eyes ;  their  perceptions  beginning  where  ours  end. 
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SECTION  XXI. 

POLARIZATION    OF    LIGHT.  DEFINED. POLARIZATION    BY    RE- 
FRACTION.    PROPERTIES    OF     THE    TOURMALINE.  DOUBLE 

REFRACTION.  — ALL  DOUBLY  REFRACTED  LIGHT  IS  POLARIZED. 

PROPERTIES    OF     ICELAND     SPAR.  TOURMALINE     ABSORBS 

ONE    OP  THE  TWO    REFRACTED    RAYS. UNDULATIONS  OF  NA- 
TURAL  LIGHT. —UNDULATIONS    OF    POLARIZED   LIGHT. THE 

OPTIC    AXES    OF    CRYSTALS.  —  M.    FRESNEL's    DISCOVERIES    ON 

THE  RAYS    PASSING   ALONG   THE    OPTIC  AXIS. POLARIZATION 

BY  REFLECTION. 

In  giving  a  sketch  of  the  constitution  of  light,  it  is  im- 
possible to  omit  the  extraordinary  property  of  its  polar- 
ization, ^'  the  phenomena  of  which,"  Sir  John  Herschel 
says,  *^  are  so  singular  and  various,  that  to  one  who  has 
only  studied  the  common  branches  of  physical  optics, 
it  is  like  entering  into  a  new  world,  so  splendid  as  to 
render  it  one  of  the  most  delightful  branches  of  experi- 
mental enquiry,  and  so  fertile  in  the  views  it  lays  open 
of  the  constitution  of  natural  bodies,  and  the  minuter 
mechanism  of  the  universe,  as  to  place  it  in  the  very 
first  rank  of  the  physico-mathematical  sciences,  which 
it  maintains  by  the  rigorous  application  of  geometrical 
reasoning  its  nature  admits  and  requires/' 

Light  is  said  to  be  polarized,  which,  by  being  once 
reflected  or  refracted,  is  rendered  incapable  of  being 
again  reflected  or  refracted  at  certain  angles.  In  gene- 
ral, when  a  ray  of  light  is  reflected  from  a  pane  of 
plate-glass,  or  any  other  substance,  it  may  be  reflected 
a  second  time  from  another  surface,  and  it  will  also  pass 
freely  through  transparent  bodies.  But  if  a  ray  of  light 
be  reflected  from  a  pane  of  plate-glass  at  an  angle  of 
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57°,  it  is  rendered  totally  incapable  of  reflection  at  the 
surface  of  another  pane  of  glass  in  certain  definite  po- 
sitions, but  it  will  be  completely  reflected  by  the  second 
pane  in  other  positions.  It  likewise  loses  the  pro« 
perty  of  penetrating  transparent  bodies  in  particular 
positions,  whilst  it  is  freely  transmitted  by  them  in 
others.  Light  so  modified  as  to  be  incapable  of  re- 
flection and  transmission  in  certain  directions,  is  said 
to  be  polarized.  This  name  was  originally  adopted 
from  an  imaginary  analogy  in  the  arrangement  of  the 
particles  of  light  on  the  corpuscular  doctrine  to  the 
poles  of  a  magnet,  and  is  still  retained  in  the  undulatory 
theory. 

Light  may  be  polarized  by  reflection  from  any  po- 
lished surface,  and  the  same  property  is  also  imparted 
by  refraction.  It  is  proposed  to  explain  these  methods 
of  polarizing  light,  to  give  a  short  account  of  its  most 
remarkable  properties,  and  to  endeavour  to  describe  a 
few  of  tbe  splendid  phenomena  it  exhibits. 

If  a  brown  tourmaline,  which  is  a  mineral  generally 
crystallized  in  the  form  of  a  long  prism,  be  cut  longi- 
tudinally,  that  is,  parallel  to  the  axis  of  tbe  prism,  into 
plates  about  the  thirtieth  of  an  inch  in  thickness,  and 
the  surfaces  polished,  luminous  objects  may  be  seen 
through  them^  as  through  plates  of  coloured  glass. 
The  axis  of  each  plate  is,  in  its  longitudinal  section, 
parallel  to  the  axes  of  the  prism  whence  it  was  cut.^ 
If  one  of  these  plates  be  held  perpendicularly  between 
the  eye  and  a  candle,  and  turned  slowly  round  in  its 
own  plane,  no  change  will  take  place  in  the  image  of 
the  candle.  But  if  the  plate  be  held  in  a  fixed  position, 
with  its  axis  or  longitudinal  section  Tertical^  when  a 
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second  plate  of  tourmaline  is  interposed  between  it  and 
the  eye,  parallel  to  the  first,  and  turned  slowly  round 
in  its  own  plane,  a  remarkable  change  will  be  found  to 
have  taken  place  in  the  nature  of  the  light.  For  the 
image  of  the  candle  will  vanish  and  appear  alternately 
at  every  quarter  revolution  of  the  plate,  varying  through 
all  degrees  of  brightness  down  to  total,  or  almost  total 
evanescence,  and  then  increasing  again  by  the  same 
degrees  as  it  had  before  decreased.  These  changes 
depend  upon  the  relative  positions  of  the  plates.  When 
the  longitudinal  sections  of  the  two  plates  are  parallel^ 
the  brightness  of  the  image  is  at  its  maximum ;  and 
when  the  axes  of  the  sections  cross  at  right  angles,  the 
image  of  the  candle  vanishes.  Thus  the  light,  in  pass- 
ing through  the  first  plate  of  tourmaline,  has  acquired 
a  property  totally  different  from  the  direct  light  of  the 
candle.  The  direct  light  would  have  penetrated  the 
second  plate  equally  wdl  in  all  directions,  whereas  the 
refracted  ray  will  only  pass  through  it  in  particular 
positions,  and  is  altogether  incapable  of  penetrating  it 
in  others.  The  refracted  ray  is  polarized  in  its  passage 
through  the  first  tourmaline,  and  experience  shows  that 
it  never  loses  that  property,  unless  when  acted  upon 
by  a  new  substance.  Thus,  one  of  the  properties  of 
polarized  light  is  proved  to  be  the  incapability  of  pass- 
ihg  through  a  plate  of  tourmaline  perpendicular  to  it, 
in  certain  positions,  and  its  ready  transmission  in  other 
positions  at  right  angles  to  the  former. 

Many  other  substances  have  the  property  of  polarizing 
light.  If  a  ray  of  light  falls  upon  a  transparent  me. 
dium,  which  has  the  same  temperature,  density,  and 
structure  throughout  every  part,  as  fiuids,  gases,  glasi^ 
&c.,  and  a  few  regularly  crystallized  minerals,  it  is  re- 
fracted into  a  single  pencil  of  light  by  the  laws  of  ordi. 
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nary  refraction,  according  to  which  the  ray,  passing 
through  the  refracting  surface  from  the  object  to  the 
eye,  never  quits  a  plane  perpendicular  to  that  surface. 
Almost  all  other  bodies,  such  as  the  greater  number  of 
crystallized  minerals,  animal  and  vegetable  substances, 
gums,  resins,  jellies,  and  all  solid  bodies  having  unequal 
tensions,  whether  from  unequal  temperature  or  pressure, 
possess  the  property  of  doubling  the  image  or  appear- 
ance of  an  object  seen  through  them  in  certain  direc- 
tions. Because  a  ray  of  natural  light  falling  upon  them 
is  refracted  into  two  pencils,  which  move  with  different 
velocities,  and  are  more  or  less  separated,  according  to 
the  nature  of  the  body  and  the  direction  of  the  incident 
ray.  Whenever  a  ray  of  natural  light  is  thus  divided 
into  two  pencils,  in  its  passage  through  a  substance, 
both  of  the  transmitted  rays  are  polarized.  Iceland 
spar,  a  carbonate  of  lime,  which,  by  its  natural  cleavage, 
may  be  split  into  the  form  of  a  rhombohedron,  possesses 
the  property  of  double  refraction  in  an  eminent  degree, 
as  may  be  seen  by  pasting  a  piece  of  paper,  with  a  large 
pin  hole  in  it,  on  the  side  of  the  spar  farthest  from  the 
eye.  The  hole  wiU  appear  double  when  held  to  the 
light.  1  One  of  these  pencils  is  refracted  according  to  the 
same  law,  as  in  glass  or  water,  never  quitting  the  plane 
perpendicular  to  the  refracting  surface,  and  is  there- 
fore called  the  ordinary  ray.  But  the  other  does  quft 
that  plane,  being  refracted  according  to  a  different  and 
much  more  complicated  law,  and  on  that  account  is 
called  the  extraordinary  ray.  For  the  same  reason  one 
image  is  called  the  ordinary,  and  the  other  the  extra- 
ordinary image.  When  the  spar  is  turned  round  in 
the  same  plane,  the  extraordinary  image  of  the  hole 
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xevolves  about  the  ordinary  image^  which  remdos  fixed^ 
both  being  equally  bright.  But  if  the  spar  be  kept  in 
one  position,  and  viewed  through  a  plate  of  tourmaline^ 
it  will  be  found  that,  as  the  tourmaline  revolves,  the 
images  vary  in  their  relative  brightness — one  increases 
in  intensity  tUl  it  arrives  at  a  maximum,  at  the  same 
time  that  the  other  diminishes  till  it  vanishes,  and  so 
on  alternately  at  each  quarter  revolution,  proving  both 
rays  to  be  polarized.  For  in  one  position  the  tourmaline 
transmits  the  ordinary  ray,  and  reflects  the  extraordi- 
nary, and  after  revolving  90^,  the  extraordinary  ray  is 
transmitted,  and  the  ordinary  ray  is  reflected.  Thus, 
another  property  of  polarized  light  is,  that  it  cannot  be 
divided  into  two  equal  pencils  by  double  refraction,  in 
positions  of  the  doubly  refracting  bodies  in  which  a 
ray  of  common  light  would  be  so  divided. 

Were  tourmaline  like  other  doubly  refracting  bodies^ 
each  of  the  transmitted  rays  would  be  double,  but  that 
mineral,  when  of  a  certain  thickness,  after  separating 
the  light  into  two  polarized  pencils,  absorbs  one  of 
them,  and  consequently  shows  only  one  image  of  an 
object.  On  this  account,  tourmaline  is  peculiarly  fitted 
for  analyzing  polarized  light,  which  shows  nothing  re~ 
markable  till  viewed  through  it  or  something  equivalent. 

The  pencils  of  light,  on  leaving  a  double  refracting 
substance,  are  parallel ;  and  it  is  clear,  from  the  pre  - 
ceding  experiments,  that  they  are  polarized  in  planes  at 
right  angles  to  each  other.  ^  But  that  will  be  better 
understood  by  considering  the  change  produced  in  com<r- 
mon  light  by  the  action  of  the  polarizing  body.  It  has 
been  shown  that  the  undulations  of  ether,  which  pro. 
duce  the  sensation  of  common  light,  are  performed  in 
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every  possible  plane^  at  right  angles  to  the  direction  in 
which  the  ray  is  moving.  But  the  case  is  very  different 
after  the  ray  has  passed  through  a  doubly  refracting 
substance^  like  Iceland  spar.  The  light  then  proceeds 
in  two  parallel  pencils^  whose  undulations  are  still  in- 
deedj  transverse  to  the  direction  of  the  rays,  but  they 
are  accomplished  in  planes  at  right  angles  to  one  an- 
other, analogous  to  two  parallel  stretched  cords,  one  of 
which  performs  its  undulations  only  in  a  horizontal 
plane,  and  the  other  in  a  vertical  or  upright  plane. 
Thus  the  polarizing  action  of  Iceland  spar,  and  of  all 
doubly  refracting  substances,  is,  to  separate  a  ray  of 
common  light,  whose  waves  or  undulations  are  in 
every  plane,  into  two  parallel  rays,  whose  waves  or  un- 
dulations lie  in  planes  at  right  angles  to  each  other. 
The  ray  of  common  light  may  be  assimilated  to  a  round 
rod,  whereas  the  two  polarized  rays  are  like  two  parallel 
long  flat  rulers,  one  of  which  is  laid  horizontally  on  its 
broad  surface,  and  the  other  horizontally  on  its  edge. 
The  alternate  transmission  and  obstruction  of  one  of 
these  flattened  beams  by  the  tourmaline  is  similar  to 
the  facility  with  which  a  thin  sheet  of  paper,  or  a  card, 
may  be  passed  between  the  bars  of  a  grating,  or  wires 
of  a  cage,  if  presented  edgeways,  and  the  impossibility 
of  its  passing  in  a  direction  transverse  to  the  openings 
of  the  bars  or  wires. 

Although  it  generally  happens  that  a  ray  of  light,  in 
passing  through  Iceland  spar,  is  separated  into  two 
polarized  rays,  yet  there  is  one  direction  along  which  it 
is  refracted  in  one  ray  only,  and  that  according  to  the 
ordinary  law.  This  direction  is  called  the  optic  axis.^ 
Many  crystals  and  other  substances  have  two  optic  axes, 
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inclined  to  each  other^  along  which  a  ray  of  light  is  trans- 
mitted in  one  pencil  by  the  law  of  ordinary  refraction. 
The  extraordinary  ray  is  sometimes  refracted  towards 
the  optic  axis^  as  in  quartz^  zircon^  ice^  Sec,  which  are^ 
therefore,  said  to  be  positive  crystals;  but  when  it  is 
bent  from  the  optic  axis,  as  in  Iceland  spar,  tourmaline, 
emerald,  beryl,  &c.,  the  crystals  are  negative,  which  is 
the  most  numerous  class.  The  ordinary  ray  moves  with 
uniform  velocity  within  a  doubly  refracting  substance, 
but  the  velocity  of  the  extraordinary  ray  varies  with  the 
position  of  the  ray  relatively  to  the  optic  axis,  being  a 
maximum  when  its  motion  within  the  crystal  is  at  right 
angles  to  the  optic  axis,  and  a  minimum  when  parallel 
to  it.  Between  these  extremes  its  velocity  varies  ac- 
cording to  a  determinate  law. 

It  had  been  inferred  from  the  action  of  Iceland  spar 
on  light,  that,  in  all  doubly  refracting  substances,  one 
only  of  the  two  rays  is  turned  aside  from  the  plane  of 
ordinary  refraction,  while  the  other  follows  the  ordinary 
law ;  and  the  great  difficulty  of  observing  the  pheno- 
mena tended  to  confirm  that  opinion.  M.  Fresnel, 
however,  proved,  by  a  most  profound  mathematical  en- 
quiry, d  priori,  that  the  extraordinary  ray  must  be 
wanting  in  glass  and  other  uncrystallized  substances, 
and  that  it  must  necessarily  exist  in  carbonate  of  lime, 
quartz,  and  other  bodies  having  one  optic  axis,  but  that, 
in  the  numerous  class  of  substances  which  possess  two 
optic  axes,  both  rays  must  undergo  extraordinary  re. 
fraction,  and  consequently  that  both  must  deviate  from 
their  original  plane,  and  these  results  have  been  per- 
fectly confirmed  by  subsequent  experiments.  This 
theory  of  refraction,  which,  for  generalisation,  is  per- 
haps  only  inferior  to  the  law  of  gravitation,  has  enrolled 
the  name  of  Fresnel  among  those  which  pass  not  away^ 
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and  make  his  early  loss  a  subject  of  deep  regret  to  all 
who  take  an  interest  in  the  higher  paths  of  scientific 
research. 

Panes  of  glass,  if  sufficiently  numerous,  will  give  a 
polarized  beam  by  refraction.  It  appears  that,  when  a 
beam  of  common  light  is  partly  reflected  at,  and  partly 
transmitted  through,  a  transparent  surface,  the  reflected 
and  refracted  pencils  contain  equal  quantities  of  polar- 
ized light,  and  that  their  planes  of  polarization  are  at 
right  angles  to  one  another ;  hence,  a  pile  of  panes  of 
glass  will  give  a  polarized  beam  by  refraction.  For  if 
a  ray  of  common  light  pass  through  them,  part  of  it  will 
be  polarized  by  the  first  plate,  the  second  plate  will  po- 
larize  a  part  of  what  passes  through  it,  and  the  rest  will 
do  the  same  in  succession,  till  the  whole  beam  is  polar- 
ized^ except  what  is  lost  by  reflection  at  the  different 
surfaces,  or  by  absorption.  This  beam  is  polarized  in  a 
plane  at  right  angles  to  the  plane  of  reflection,  that  is^ 
at  right  angles  to  the  plane  passing  through  the  incident 
and  reflected  ray.^ 

By  far  the  most  convenient  way  of  polarizing  light  is 
by  reflection.  A  pane  of  plate-glass  laid  upon  a  piece 
of  black  doth,  on  a  table  at  an  open  window^  will  ap- 
pear of  a  uniform  brightness  from  the  reflection  of  the 
sky  or  clouds.  But  if  it  be  viewed  through  a  plate  of 
tourmaline,  having  its  axis  vertical,  instead  of  being  illu- 
minated as  before,  it  will  be  obscured  by  a  large  cloudy 
spot,  having  its  centre  quite  dark,  which  will  readily  be 
found  by  elevating  or  depressing  the  eye,  and  will  only 
be  visible  when  the  angle  of  incidence  is  57^^  that  is^ 
when  a  line  from  the  eye  to  the  centre  of  the  black  spot 
makes  an  angle  of  339  with  the  surface  of  the  reflector.3 
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WTien  the  tourmaline  is  turned  round  in  its  own  plane^ 
the  dark  cloud  will  dimitiish^  and  entirely  vanish  when 
the  axis  of  the  tourmaline  is  horizontal^  and  then  every 
part  of  the  surface  of  the  glass  will  be  equally  illuminated. 
As  the  tourmaline  revolves,  the  cloudy  spot  will  appear 
and  vanish  alternately  at  every  quarter  revolution.  Thus, 
when  a  ray  of  light  is  incident  on  a  pane  of  plate-glass 
at  an  angle  of  57°,  the  reflected  ray  is  rendered  inca- 
pable of  penetrating  a  plate  of  tourmaline  whose  axis 
is  in  the  plane  of  incidence.  Consequently  it  has  ac- 
quired the  same  character  as  if  it  had  been  polarized  by 
transmission  through  a  plate  of  tourmaline  with  its  axis 
at  right  angles  to  the  plane  of  reflection.  It  is  found  by 
experience  that  this  polarized  ray  is  incapable  of  a 
second  reflection  at  certain  angles  and  in  certain  posi- 
tions of  the  incident  plane.  For  if  another  pane  of 
plate  glass,  having  one  surface  blackened,  be  so  placed 
as  to  make  an  angle  of  33°  with  the  reflected  ray,  the 
image  of  the  first  pane  will  be  reflected  in  its  surface, 
and  will  be  alternately  illuminated  and  obscured  at  every 
quarter  revolution  of  the  blackened  pane,  according  as 
the  plane  of  reflection  is  parallel  or  perpendicular  to  the 
plane  of  polarization.  Since  this  happens,  by  whatever 
means  the  light  has  been  polarized,  it  evinces  another 
general  property  of  polarized  light,  which  is,  that  it  is 
incapable  of  reflection  in  a  plane  at  right  angles  to  the 
plane  of  polarization. 

All  reflecting  surfaces  are  capable  of  polarizing  light, 
but  the  angle  of  incidence  at  which  it  is  completely 
polarized,  is  difierent  in  each  substance.^  It  appears 
that  the  angle  for  plate-glass  is  57° ;  in  crown-glass  it 
is  56°  55' f  and  no  ray  will  be  completely  polarized  by 
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water,  unless  the  angle  of  incidence  be  bS°  11'.  The 
angles  at  which  different  substances  polarize  light  are 
determined  by  a  very  simple  and  elegant  law,  discovered 
by  Sir  David  Brewster,  "  That  the  tangent  of  the  polar- 
izing angle  for  any  medium  is  equal  to  the  sine  of  the 
angle  of  incidence  divided  by  the  sine  of  the  angle  of 
refraction  of  that  medium."  Whence  also  the  refractive 
power  even  of  an  opaque  body  is  known  when  its  polar- 
izing angle  has  been  determined. 

Metallic  substances,  and  such  as  are  of  high  refractive 
powers,  like  the  diamond,  polarize  imperfectly. 

If  a  ray  polarized  by  refraction  or  by  reflection  from 
any  substance  not  metallic,  be  viewed  through  a  piece  of 
Iceland  spar,  each  image  will  alternately  vanish  and  re- 
appear at  every  quarter  revolution  of  the  spar,  whether 
it  revolves  from  right  to  left,  or  from  left  to  right; 
which  shows  that  the  properties  of  the  polarized  ray  are 
symmetrical  on  each  side  of  the  plane  of  polarization. 

Although  there  be  only  one  angle  in  each  substance 
at  which  light  is  completely  polarized  by  one  reflection, 
yet  it  may  be  polarized  at  any  angle  of  incidence  by  a 
sufficient  number  of  reflections.  For  if  a  ray  falls  upon 
the  upper  surface  of  a  pile  of  glass  at  an  angle  greater 
or  less  than  the  polarizing  angle,  a  part  only  of  the  re- 
flected ray  will  be  polarized,  but  a  part  of  what  is  trans, 
mitted  will  be  polarized  by  reflection  at  the  surface  of 
the  second  plate,  part  at  the  third,  and  so  on  till  the 
whole  is  polarized.  This  is  the  best  apparatus ;  but  a 
plate  of  glass  having  its  inferior  surface  blackened,  or 
even  a  polished  table,  will  answer  the  purpose. 
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SECTION  XXII. 

PHENOMENA   EXHIBITED    BY   THE    PASSAGE  OF   POLARIZED    LIGHT 

THROUGH    MICA    AND    SULPHATE    OF    LIME. THE    COLOURED 

IMAGES    PRODUCED    BT    POLARIZED    LIGHT    PASSING    THROUGH 

CRYSTALS    HAVING    ONE    AND    TWO    OPTIC    AXES. CIRCULAR 

POLARIZATION. ELLIPTICAL     POLARIZATION. DISCOVERIES 

OF    MM.    BIOT,    FRE8NEL,    AND    PROFESSOR    AIRY COLOURED 

IMAGES  PRODUCED  BY  THE  INTERFERENCE  OF  POLARIZED  RAYS. 

Such  is  the  nature  of  polarized  light  and  the  laws  it 
follows.  But  it  is  hardly  possible  to  convey  an  idea  of 
the  splendour  of  the  phenomena  it  exhibits  under  cir- 
cumstances which  an  attempt  wiU  now  be  made  to  de- 
scribe. 

If  light  polarized  by  reflection  from  a  pane  of  glass 
be  viewed  through  a  plate  of  tourmaline^  with  its  lon- 
gitudinal section  vertical,  an  obscure  cloudy  with  its 
centre  totally  dark,  will  be  seen  on  the  glass.  Now,  let 
a  plate  of  mica,  uniformly  about  the  thirtieth  of  an  inch 
in  thickness,  be  interposed  between  the  tourmaline  and 
the  glass ;  the  dark  spot  will  instantly  vanish,  and  in- 
stead of  it  a  succession  of  the  most  gorgeous  colours 
will  appear,  varying  with  every  inclination  of  the  mica, 
from  the  richest  reds,  to  the  most  vivid  greens,  blues, 
and  purples.  1  That  they  may  be  seen  in  perfection,  the 
mica  must  revolve  at  right  angles  to  its  own  plane. 
When  the  mica  is  turned  round  in  a  plane  perpendicular 
to  the  polarized  ray,  it  will  be  found  that  there  are  two 
lines  in  it  where  the  colours  entirely  vanish.  These  are 
the  optic  axes  of  the  mica,  which  is  a  doubly  refracting 
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substance^  with  two  optic  axes  along  which  light  is  re- 
fracted in  one  pencil. 

No  colours  are  visible  in  the  mica,  whatever  its  posi- 
tion may  be  with  regard  to  the  polarized  lights  without 
the  aid  of  the  tourmaline^  which  separates  the  trans- 
mitted ray  into  two  pencils  of  coloured  light  comple- 
mentary to  one  another^  that  is^  which  taken  together 
would  make  white  light.  One  of  these  it  absorbs  and 
transmits  the  other  ;  it  is  therefore  called  the  analyzing 
plate.  The  truth  of  this  will  appear  more  readily  if  a 
film  of  sulphate  of  lime  between  the  twentieth  and 
sixtieth  of  an  inch  thick  be  used  instead  of  the  mica. 
When  the  film  is  of  uniform  thickness^  only  one  colour 
will  be  seen  when  it  is  placed  between  the  analyzing 
plate  and  the  reflecting  glass;  as^  for  example^  red. 
But  when  the  tourmaline  revolves,  the  red  will  vanish 
by  degrees,  till  the  film  is  colourless;  then  it  will  assume 
a  green  hue,  which  will  increase  and  arrive  at  its  maxi- 
mum when  the  tourmaline  has  turned  through  ninety 
degrees;  after  that  the  green  will  vanish  and  the  red 
will  reappear,  alternating  at  each  quadrant.  Whence  it 
appears,  that  the  tourmaline  separates  the  light  which 
has  passed  through  the  film  into  a  red  and  a  green 
pencil,  and  that  in  pne  position  it  absorbs  the  green  and 
lets  the  red  pass,  and  in  another  it  absorbs  the  red  and 
transmits  the  green.  This  is  proved  by  analyzing  the 
ray  with  Iceland  spar  instead  of  tourmaline,  for  since 
the  spar  does  not  absorb  the  light,  two  images  of  the 
sulphate  of  lime  will  be  seen,  one  red  and  the  other 
green,  and  these  exchange  colours  every  quarter  revo- 
lution of  the  spar,  the  red  becoming  green  and  the 
green  red ;  and  where  the  images  overlap,  the  colour  is 
white,  proving  the  red  and  green  to  be  complementary 
to  each  other.     The  tint  depends  on  the  thickness  of 
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the  film.  Films  of  sulphate  of  lime,  the  0*00124  and 
0*01818  of  an  inch  respectively,  give  white  light  in 
whatever  position  they  may  he  held,  provided  they,  he 
perpendicular  to  the  polarized  ray ;  but  films  of  inter- 
mediate thickness  will  give  all  colours.  Consequently, 
a  wedge  of  sulphate  of  lime,  varying  in  thickness  be.^ 
tween  the  0*00124  and  the  0*01818  of  an  inch  will 
appear  to  be  striped  with  all  colours  when  polarized 
light  is  transmitted  through  it.  A  change  in  the  in.; 
clination  of  the  film,  whether  of  mica  or  sulphate  of 
lime,  is  evidently  equivalent  to  a  variation  in  thickness. 

When  a  plate  of  mica  held  as  close  to  the  eye  as  pos- 
sible, at  such  an  inclination  as  to  transmit  the  polarized 
ray  along  one  of  its  optic  axes,  is  viewed  through  the 
toiurmaline  with  its  axis  vertical,  a  most  splendid  ap. 
pearance  is  presented.  The  cloudy  spot,  which  is  in 
the  direction  of  the  optic  axis,  is  seen  surrounded  by  a 
set  of  vividly  coloured  rings  of  an  oval  form,  divided 
into  two  unequal  parts  by  a  black  curved  band  passing 
through  the  cloudy  spot  about  which  the  rings  are 
formed.  The  other  optic  axis  of  the  mica  exhibits  a 
similar  image.^ 

When  the  two  optic  axes  of  a  crystal  make  a  small 
angle  with  one  another,  as  in  nitre,  the  two  sets  of 
rings  touch  externally;  and  if  the  plate  of  nitre  be 
turned  round  in  its  own  plane,  the  black  transverse 
bands  undergo  a  variety  of  changes,  till  at  last  the  whole 
richly  coloured  image  assumes  the  form  of  the  figure  8 
traversed  by  a  black  cross. 2  Substances  having  one 
optic  axis  have  but  one  set  of  coloured  circular  rings, 
with  a  broad  black  cross  passing  through  its  centre  and 
dividing  the  rings  into  four  equal  parts.  When  the 
analyzing  plate  revolves^  this  figure  recurs  at  every 
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4}i;uirteT  revolutioii^  but  in  the  intermediate  positions^  it 
assumes  the  complementary  colours^  the  black  cross  be- 
coming white. 

It  is  in  vain  to  attempt  to  describe  the  beautiful  phe- 
nomena exhibited  by  innumerable  bodies^  all  of  which 
undergo  periodic  changes  in  form  and  colour  when  the 
jUdalyzing  plate  revolves^  but  not  one  of  them  shows  a 
trace  of  colour  without  the  aid  of  tourmaline  or  some- 
thing equivalent  to  analyze  the  lights  and  as  it  were  to 
caU  these  beautiful  phantoms  into  existence.  Tourmaline 
has  the  disadvantage  of  being  itself  a  coloured  substance^ 
but  that  inconvenience  may  be  avoided  by  employing 
a  rejecting  surface  as  an  analyzing  plate.  When  polar- 
ized light  is  reflected  by  a  plate  of  glass  at  the  polarizing 
angle^  it  will  be  separated  into  two  coloured  pencils^  and 
when  the  analyzing  plate  is  turned  round  in  its  own 
plane^  it  will  alternately  reflect  each  ray  at  every  quarter 
revolution^  so  that  all  the  phenomena  that  have  been 
described  wiU  be  seen  by  reflection  on  its  surface. 

Coloured  rings  are  produced  by  analyzing  polarized 
light  transmitted  through  glass  melted  and  suddenly 
or  unequally  cooled;  also  in  thin  plates  of  glass  bent  with 
the  hand,  in  jelly  indurated  or  compressed^  &c.  &c.  In 
shorty  all  the  phenomena  of  coloured  rings  may  be  pro- 
docedy  either  permanently  or  transiently^  in  a  variety  of 
substances^  by  heat  and  cold^  rapid  coohng^  compres- 
sion^ dilatation^  and  induration ;  and  so  little  apparatus 
is  necessary  for  performing  the  experiments^  that^  as 
Sir  John  Herschel  observes^  a  piece  of  window-glass  or 
a  polished  table  to  polarize  the  lights  a  sheet  of  clear  ice 
to  produce  the  rings^  and  a  broken  fragment  of  plate- 
glass  placed  near  the  eye  to  analyze  the  lights  are  alone 
requisite  to  produce  one  of  the  most  splendid  of  optical 
exhibitions. 
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It  has  been  observed  that,  when  a  ray  of  light,  po- 
larized by  reflection  from  any  surface  not  metallic,  is 
analyzed  by  a  doubly  refracting  substance,  it  exhibits 
properties  which  are  symmetrical  both  to  the  right  and 
left  of  the  plane  of  reflection,  and  the  ray  is  then  said  to 
be  polarized  according  to  that  plane.  This  symmetry  is 
not  destroyed  when  the  ray,  before  being  analyzed,  tra- 
verses the  optic  axis  of  a  crystal  having  but  one  optic 
axis,  as  evidently  appears  from  the  circular  form  of  the 
coloured  rings  already  described.  Regularly  crystallized 
quartz,  or  rock  crystal,  however,  forms  an  exception. 
In  it,  even  though  the  rays  should  pass  through  the 
optic  axis  itself,  where  there  is  no  double  refraction,  the 
primitive  symmetry  of  the  ray  is  destroyed,  and  the 
plane  of  primitive  polarization  deviates  either  to  the 
right  or  left  of  the  observer,  by  an  angle  proportional  to 
the  thickness  of  the  plate  of  quartz.  This  angular 
motion,  or  true  rotation  of  the  plane  of  polarization, 
which  is  called  circular  polarization,  is  clearly  proved 
by  the  phenomena.  The  coloured  rings  produced  by  all 
crystals  having  but  one  optic  axis  are  circular,  and  tra- 
versed by  a  black  cross  concentric  with  the  rings ;  so 
that  the  light  entirely  vanishes  throughout  the  space  en- 
closed by  the  interior  ring,  because  there  is  neither 
double  refraction  nor  polarization  along  the  optic  axis. 
But  in  the  system  of  rings  produced  by  a  plate  of  quartz, 
whose  surfaces  are  perpendicular  to  the  axis  of  the 
crystal,  the  part  within  the  interior  ring,  instead  of 
being  void  of  light,  is  occupied  by  a  uniform  tint  of 
red,  green,  or  blue,  according  to  the  thickness  of  the 
plate.^  Suppose  the  plate  of  quartz  to  be  ^  of  an  inch 
thick,  which  will  give  the  red  tint  to  the  space  within 
the  interior  ring ;  when  the  analyzing  plate  is  turned  in 
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its  own  plane  through  an  angle  of  17^°^  the  red  hue 
vanishes.  If  a  plate  of  rock  crystal^  -^  of  an  inch 
thick^  he  used,  the  analyzing  plate  must  revolve  through 
35°  before  the  red  tint  vanishes^  and  so  on  ;  every  ad- 
ditional Soth  of  an  inch  in  thickness  requiring  an  addi- 
tional  rotation  of  1 7-^°,  whence  it  is  manifest  that  the 
plane  of  polarization  revolves  in  the  direction  of  a  spiral 
within  the  rock  crystal.  It  is  remarkable  that^  in  some 
crystals  of  quartz^  the  plane  of  polarization  revolves 
from  right  to  left,  and  in  others  from  left  to  right,  al- 
though the  crystals  themselves  differ  apparently  only  by 
a  very  slight,  almost  imperceptible,  variety  in  form.  In 
these  phenomena,  the  rotation  to  the  right  is  accom- 
plished according  to  the  same  laws,  and  with  the  same 
energy,  as  that  to  the  left.  But  if  two  plates  of  quartz 
be  interposed  which  possess  different  affections,  the  se.. 
cond  plate  undoes,  either  wholly  or  partly,  the  rota- 
tory motion  which  the  first  had  produced,  according  as 
the  plates  are  of  equal  or  unequal  thickness.  When  the 
plates  are  of  unequal  thickness,  the  deviation  is  in  the 
direction  of  the  strongest,  and  exactly  the  same  with 
that  which  a  third  plate  would  produce  equal  in  thick- 
ness  to  the  difference  of  the  two. 

M.  Biot  has  discovered  the  same  properties  in  a 
variety  of  liquids.  Oil  of  turpentine  and  an  essential 
oil  of  laurel  cause  the  plane  of  polarization  to  turn  to 
the  left,  whereas  the  syrup  of  the  sugar-cane  and  a  so- 
lution of  natural  camphor  by  alcohol  turn  it  to  the  right. 
A  compensation  is  effected  by  the  superposition  or  mix- 
ture of  two  liquids  which  possess  these  opposite  pro- 
perties, provided  no  chemical  action  takes  place.  A  re. 
markable  difference  was  also  observed  by  M.  Biot 
between  the  action  of  the  particles  of  the  same  sub- 
stances when  in  a  liquid  or  solid  state.     The  syrup  oi 
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grapes^  for  example^  turns  the  plane  of  polarization  to 
the  left  as  long  as  it  remains  liquid^  but  as  soon  as  it 
acquires  the  solid  form  of  sugar^  it  causes  the  plane  of 
polarization  to  revolve  towards  the  right,  a  property 
which  it  retains  even  when  again  dissolved.  Instances 
occur  also  in  which  these  circumstances  are  reversed. 

A  ray  of  light  passing  through  a  liquid  possessing  the 
power  of  circular  polarization  is  not  affected  by  mixing 
other  fluids  with  the  liquid — such  as  water^  ether,  al. 
cohol,  &c. — which  do  not  possess  circular  polarization 
themselves,  the  angle  of  deviation  remaining  exactly  the 
same  as  before  the  mixture.  Whence  M.  Biot  infers  that 
the  action  exercised  by  the  liquids  in  question  does  not  de- 
pend upon  their  mass,  but  that  it  is  a  molecular  action 
exercised  by  the  ultimate  particles  of  matter,  which 
only  depends  upon  their  individual  constitution,  and  is 
entirely  independent  of  the  positions  and  mutual  dis- 
tances of  the  particles  with  regard  to  each  other.  This 
peculiar  action  of  matter  on  light  affords  the  means  of 
detecting  varieties  in  the  nature  of  substances  which 
have  eluded  chemical  research.  For  example,  no  che- 
mical difference  has  been  discovered  between  syrup  from 
the  sugar-cane  and  syrup  from  grapes.  Yet  the  first  causes 
the  plane  of  polarization  to  revolve  to  the  right,,  and 
the  other  to  the  left;  therefore  some  essential  difference 
must  exist  in  the  nature  of  their  ultimate  molecules. 
The  same  difference  is  to  be  traced  between  the  juices 
of  such  plants  as  give  sugar  similar  to  that  from  the 
cane  and  those  which  give  sugar  like  that  obtained  from 
grapes.  M.  Biot  has  shown,  by  these  important  disco- 
veries, that  circular  polarization  surpasses  the  power  of 
chemical  analysis  in  giving  certain  and  direct  evidence 
of  the  similarity  or  difference  existing  in  the  molecular 
constitution  of  bodies,  as  well  as  of  the  permanency  of 
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that  constitution,  or  of  the  fluctuations  to  which  it  may 
be  liable.  This  eminent  philosopher  is  now  engaged  in 
a  series  of  experiments  on  the  progressive  changes  in  the 
sap  of  vegetables  at  different  distances  from  their  roots, 
and  on  the  products  that  are  formed  at  the  various 
epochs  of  vegetation,  from  their  action  on  polarized 
light. 

One  of  the  many  brilliant  discoveries  of  M.  Fresnel  is 
the  production  of  circular  and  elliptical  polarization  by 
ihe  internal  reflection  of  light  from  plate-glass.  He 
has  shown  that,  if  light,  polarized  by  any  of  the  usual 
methods,  be  twice  reflected  within  a  glass  rhomb  ^  of  a 
given  form,  the  vibrations  of  the  ether  that  are  perpen- 
dicular to  the  plane  of  incidence  will  be  retarded  a 
quarter  of  a  vibration,  which  causes  the  vibrating  par- 
ticles to  describe  a  circular  helix,  or  curve,  like  a  cork- 
screw. However,  that  only  happens  when  the  plane  of 
polarization  is  inclined  at  an  angle  of  45°  to  the  plane 
of  incidence.  When  these  two  planes  form  an  angle, 
cither  greater  or  less,  the  vibrating  particles  move  in  an 
elliptical  helix,  which  curve  may  be  represented  by 
twisting  a  thread  in  a  spiral  about  an  oval  rod.  These 
curves  will  turn  to  the  right  or  left,  according  to  the 
position  of  the  incident  plane. 

The  motion  of  the  ethereal  medium  in  elliptical  and 
circular  polarization  may  be  represented  by  the  analogy 
of  a  stretched  cord;  for  if  the  extremity  of  such  a 
cord  be  agitated  at  equal  and  regular  intervals  by  a 
vibratory  motion  entirely  confined  to  one  plane,  the  cord 
will  be  thrown  into  an  undulating  curve  lying  wholly  in 
that  plane.  If  to  this  motion  there  be  superadded  an- 
other, similar  and  equal,  but  perpendicular  to  the  first, 
the  cord  will  assume  the  form  of  an  elliptical  helix;  its 
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extremity  will  describe  an  ellipse,  and  every  molecule 
throughout  its  length  will  successively  do  the  same. 
But  if  the  second  system  of  vibrations  commence  exactly 
a  quarter  of  an  undulation  later  than  the  first,  the  cord 
will  take  the  form  of  a  circular  helix,,  or  corkscrew ;  the 
extremity  of  it  will  move  uniformly  in  a  circle,  and 
every  molecule  throughout  the  cord  will  do  the  same  in 
succession.  It  appears,  therefore,  that  both  circular 
and  elliptical  polarization  may  be  produced  by  the  com« 
position  of  the  motions  of  two  rays  in  which  the  par- 
ticles of  ether  vibrate  in  planes  at  right  angles  to  one 
another. 

Professor  Airy,  in  a  very  profound  and  able  paper 
published  in  the  Cambridge  Transactions,  has  proved 
that  all  the  different  kinds  of  polarized  light  are 
obtained  from  rock  crystal.  When  polarized  light  is 
transmitted  through  the  axis  of  a  crystal  of  quartz,  in 
the  emergent  ray,  the  particles  of  ether  move  in  a  cir- 
eular  helix ;  and  when  it  is  transmitted  obliquely,  so  as 
to  form  an  angle  with  the  axis  of  the  prism,  the  particles 
of  ether  move  in  an  elliptical  helix,  the  ellipticity  in- 
creasing with  the  obliquity  of  the  incident  ray  ;  so  that^ 
when  the  incident  ray  falls  p^'pendicularly  to  the  axis^ 
the  particles  of  ether  move  in  a  straight  line.  Thus 
quartz  exhibits  every  variety  of  elliptical  polarization, 
even  including  the  extreme  cases  where  the  excentricity 
is  zero,  or  equal  to  the  greater  axis  of  the  ellipse.^  In 
many  crystals  the  two  rays  are  so  little  separated,  that 
it  is  only  from  the  nature  of  the  transmitted  light  that 
they  are  known  to  have  the  property  of  double  refrac- 
tion. M.  Fresnel  discovered,  by  experiments  on  the 
properties  of  Hght  passing  through  the  axis  of  quartz, 
that  it  consists  of  two  superposed  rays  moving  urith  dif« 
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ferent  velocities ;  and  Professor  Airy  has  proved  that, 
in  these  two  rays,  the  molecules  of  ether  vihrate  in  si- 
milar ellipses  at  right  angles  to  each  other,  hut  in  dif- 
ferent directions;  that  their  ellipticity  varies  with  the 
angle  which  die  incident  ray  makes  with  the  axis ;  and 
that,  by  the  composition  of  tiieir  motions,  they  produce 
all  the  phenomena  of  polarized  light  observed  in  quartz. 

It  appears  from  what  has  been  said,  that  the  mole- 
cules of  ether  always  perform  their  vibrations  at  right 
angles  to  the  direction  of  the  ray,  but  very  differentiy 
in  the  various  kinds  of  light.  In  natural  light  the  vi- 
brations are  rectilinear,  and  in  every  plane.  In  ordinary 
polarized  light  they  are  rectilinear,  but  confined  to  one 
plane ;  in  circular  polarization  the  vibrations  are  circu- 
lar j  and  in  elliptical  polarization  the  molecules  vibrate 
in  ellipses.  These  vibrations  are  communicated  from 
molecule  to  molecule,  in  straight  lines  when  they  are 
rectilinear,  in  a  circular  helix  when  they  are  circular, 
and  in  an  oval  or  elliptical  helix  when  elliptical. 

Some  fluids  possess  the  property  of  circular  polariz- 
ation, as  oil  of  turpentine ;  and  elliptical  polarization, 
or  sometiiing  similar,  seems  to  be  produced  by  reflection 
from  metallic  surfaces. 

The  coloured  images  from  polarized  light  arise  from 
the  interference  of  the  rays.i  MM.  Fresnel  and  Arago 
proved,  by  experiment,  that  two  rays  of  polarized  light 
interfere  and  produce  coloured  fringes  if  they  be  pola- 
rized in  the  same  plane,  but  that  they  do  not  interfere 
when  polarized  in  different  planes.  In  all  intermediate 
positions,  fringes  of  intermediate  brightness  are  produced. 
The  analogy  of  a  stretched  cord  will  show  how  this 
happens.  Suppose  the  cord  to  be  moved  backwards 
and  forwards  horizontally  at  equal  intervals ;  it  will  be 
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thrown  into  an  undulating  curve  lying  all  in  one  plane. 
If  to  this  motion  there  be  superadded  another,  similar 
and  equal,  commencing  exactly  half  an  undulation  later 
than  the  first,  it  is  evident  that  the  direct  motion  every 
molecule  will  assume,  in  consequence  of  the  first  system 
of  waves,  will,  at  every  instant,  be  exactly  neutralized 
by  the  retrograde  motion  it  would  take  in  virtue  of  the 
second  ;  and  the  cord  itself  will  be  quiescent  in  conse- 
quence of  the  interference.  But  if  the  second  system 
of  waves  be  in  a  plane  perpendicular  to  the  first,  the 
effect  would  only  be  to  twist  the  rope,  so  that  no  inter- 
ference would  take  place.  Rays  polarized  at  right 
angles  to  each  other  may  subsequently  be  brought  into 
the  same  plane  without  acquiring  the  property  of  pro- 
ducing coloured  fringes ;  but  if  they  belong  to  a  pencil 
the  whole  of  which  was  originally  polarized  in  the  same 
plane,  they  will  interfere. 

The  manner  in  which  the  coloured  images  are  formed, 
may  be  conceived  by  considering  that,  when  polarized 
light  passes  through  the  optic  axis  of  a  doubly  refracting 
substance, — as  mica  for  example, — it  is  divided  into 
two  pencils  by  the  analyzing  tourmaline ;  and  as  one 
ray  is  absorbed,  there  can  be  no  interference.  But 
when  the  polarized  light  passes  through  the  mica  in  any 
other  direction,  it  is  separated  into  two  white  rays,  and 
these  are  again  divided  into  four  pencils  by  the  tourma- 
line, which  absorbs  two  of  them ;  and  the  other  two, 
being  transmitted  in  the  same  plane,  with  different 
velocities,  interfere  and  produce  the  coloured  pheno- 
mena. If  the  analysis  be  made  with  Iceland  spar,  the 
single  ray  passing  through  the  optic  axis  of  the  mica 
will  be  refracted  into  two  rays  polarized  in  different 
planes,  and  no  interference  will  happen.  But  when  twa 
rays  are  transmitted  by  the  mica,  they  will  be  separated 
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into  four  by  the  spar,  two  of  which  will  interfere  to 
form  one  image,  and  the  other  two,  by  their  inter- 
ference, will  produce  the  complementary  colours  of  the 
other  image,  when  the  spar  has  revolved  through  90°  ; 
because,  in  such  positions  of  the  spar  as  produce  the 
coloured  images,  only  two  rays  are  visible  at  a  time^ 
the  other  two  being  reflected.  When  the  analysis  is' 
accomplished  by  reflection,  if  two  rays  are  transmitted 
by  the  mica,  they  are  polarized  in  planes  at  right  angles 
to  each  other.  And  if  the  plane  of  reflection  of  either  of 
these  rays  be  at  right  angles  to  the  plane  of  polarization, 
only  one  of  them  will  be  reflected,  and  therefore  no  in- 
terference can  take  place ;  but  in  all  other  positions  of 
the  analyzing  plate  both  rays  will  be  reflected  in  the 
same  plane,  and,  consequently,  will  produce  coloured 
lings  by  their  interference. 

It  is  evident  that  a  great  deal  of  the  light  we  see 
must  be  polarized,  since  most  bodies  which  have  the 
power  of  reflecting  or  refracting  light  also  have  the 
power  of  polarizing  it.  The  blue  light  of  the  sky  is 
completely  polarized  at  an  angle  of  74°  from  the  sun  in 
a  plane  passing  through  his  centre. 

A  constellation  of  talent,  almost]  unrivalled  at  any 
period  in  the  history  of  science,  has  contributed  to  the 
theory  of  polarization,  though  the  original  discovery  of 
that  property  of  light  was  accidental,  and  arose  from 
an  occurrence  which,  like  thousands  of  others,  would 
have  passed  unnoticed,  had  it  not  happened  to  one  of 
those  rare  minds  capable  of  drawing  the  most  important 
inferences  from  circumstances  apparently  trifling.  In 
1808,  while  M.  Malus  was  accidentally  viewing,  with 
a  doubly-refracting  prism,  a  brilliant  sunset  reflected 
from  the  windows  of  the  Luxembourg  palace  in  Paris, 
on  taming  the  prism  slowly  round,  he  was  surprised  to 
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see  a  very  great  difference  in  the  intensity  of  the  two 
images^  the  most  refracted  alternately  changing  from 
brightness  to  obscurity  at  each  quadrant  of  revolution. 
A  phenomenon  so  unlocked  for  induced  him  to  investi- 
gate its  cause^  whence  sprung  one  of  the  most  elegant 
and  refined  branches  of  physical  optics. 
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SECTION  XXIIL 


OBJECTIOyS  TO  THK  UNDULATO&T  THEORT,  FROM  A  DIFFERENCE 
IN  THE  ACTION  OF  SOUND  AND  LIGHT  UNDER  THE  SAME  CIR- 
CUMSTANCES, REMOVED. A  DIFFICULTT  IN  THE  DISPERSION  09 

LIGHT  REMOVED  BT  PROFESSOR  AIRT. 


The  numerous  phenomena  of  periodical  colours  arising 
from  the  interference  of  lights  which  do  not  admit  of 
satisfactory  explanation  on  any  other  principle  than  the 
undidatory  theory^  are  the  strongest  arguments  in  favour 
of  that  hypothesis  ;  and  even  cases  which  at  one  time^ 
seemed  unfavourahle  to  that  doctrine,  have  proved 
upon  investigation,  to  proceed  from  it  alone.  Sudi  is 
the  erroneous  objection  which  has  been  made,  in  con- 
sequence of  a  difference  in  the  mode  of  action  of  light 
and  sound,  under  the  same  circumstances,  in  one  parti- 
cular instance.  When  a  ray  of  light  from  a  luminous 
point,  and  a  diverging  sound,  are  both  transmitted 
through  a  very  small  hole  into  a  dark  room,  the  light 
goes  straight  forward,  and  illuminates  a  small  spot  on 
the  opposite  wall,  leaving  the  rest  in  darkness ;  whereas 
the  sound,  on  entering,  diverges  in  all  directions,  and 
is  heard  in  every  part  of  the  room.  These  phenomena^ 
however,  instead  of  being  at  variance  with  the  undula- 
tory  theory,  are  direct  consequences  of  it,  arising  from 
the  very  great  difference  between  the  magnitude  of  the 
undulations  of  sound  and  those  of  light.  The  undula. 
tions  of  light  are  incomparably  less  than  the  minute 
aperture,  while  those  of  sound  are  much  greater.  There- 
fore,   when  light  diverging  from   a  luminous  point 
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enters  the  hole,  the  rays  round  its  edges  are  oblique, 
and  consequently  of  different  lengths,  while  those  in 
the  centre  are  direct,  and  nearly  or  altogether  of  the 
same  lengths.  So  that  the  small  undulations  between 
the  centre  and  the  edges  are  in  different  phases,  that 
is,  in  different  states  of  undulation.  Therefore  the 
greater  number  of  them  interfere,  and,  by  destroying 
ooQe  another,  produce  darkness  all  around  the  edges  of 
the  aperture;  whereas  the  central  rays,  having  the 
same  phases,  combine  and  produce  a  spot  of  bright  light 
on  a  wall  or  screen  directly  opposite  the  hole.  The 
waves  of  air  producing  sound,  on  the  contrary,  being 
Tery  large  compared  with  the  hole,  do  not  sensibly  di- 
Terge  in  passing  through  it,  and  are  therefore  all  so 
nearly  of  the  same  length,  and  consequently  in  the  saine 
phase,  or  state  of  undidation,  that  none  of  them  inter- 
fere sufficiently  to  destroy  one  another.  Hence  all  the 
particles  of  air  in  the  room  are  set  into  a  state  of  vibration, 
so  that  the  intensity  of  the  sound  is  very  nearly  every 
where  the  same.  It  is  probable,  however,  that  if  the 
aperture  were  large  enough,  sound  diverging  from  a 
point  without  would  scarcely  be  audible,  except  imme- 
diately opposite  the  opening.  Strong  as  the  preceding 
cases  may  be,  the  following  experiment,  recently  pub- 
lished by  Professor  Airy,  seems  to  be  decisive  in  favour 
of  the  undulatory  doctrine.  Suppose  a  plano-convex 
lens  of  very  great  radius  to  be  placed  upon  a  plate  of  very 
highly  polished  metal.  When  a  ray  of  polarized  light 
falls  upon  this  apparatus  at  a  very  great  angle  of  inci- 
dence, Newton's  rings  are  seen  at  the  point  of  contact.^ 
But,  as  the  polarizing  angle  of  glass  differs  from  that  of 
metal,  when  the  light  falls  on  the  lens  at  the  polarizing 
angle  of  glass,  the  black  spot  and  the  system  of  rings 
vanish.    For  although  light  in  abundance  continues  to 
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be  reflected  from  the  surface  of  the  metal,  not  a  ray  is 
reflected  from  the  surface  of  the  glass  that  is  in  contact 
with  it,  consequently  no  interference  can  take  place ; 
which  proves,  beyond  a  doubt,  that  Newton's  rings 
result  from  the  interference  of  the  light  reflected  from 
the  surfaces  apparently  in  contact.^ 

Notwithstanding  the  successful  adaptation  of  the  un<- 
dulatory  system  to  phenomena,  it  cannot  be  denied  that  an 
objection  still  exists  in  the  dispersion  of  light,  unless  the 
explanation  given  by  Professor  Airy  be  deemed  sufficient- 
A  sunbeam  falling  on  a  prism,  instead  of  being  refracted 
to  a  single  point,  is  dispersed,  or  scattered  over  a  con-* 
siderable  space,  so  that  the  rays  of  the  coloured  spec- 
trum, whose  weaves  are  of  different  lengths,  have  different 
degrees  of  refrangibility,  and  consequently  move  with 
different  velocities,  either  in  the  medium  which  conveys 
the  light  from  the  sun,  or  in  the  refracting  medium,  or  in 
both ;  whereas  it  has  been  shown  that  rays  of  all  colours 
move  with  the  same  velocity.  If,  indeed,  the  velocities 
of  the  various  rays  were  different  in  space,  the  aberra- 
tion of  the  fixed  stars,  which  is  inversely  as  the  velocity, 
would  be  different  for  different  colours,  and  every  star 
would  appear  as  a  spectrum  whose  length  would  be  paral- 
lel to  the  direction  of  the  earth's  motion,  which  is  not 
found  to  agree  with  observation.  Besides,  there  is  no 
such  difference  in  the  velocities  of  the  long  and  short 
waves  of  air  in  the  analogous  case  of  sound,  since  notes 
of  the  lowest  and  highest  pitch  are  heard  in  the  order 
in  which  they  are  struck.  The  solution  of  this  anoma- 
lous case  suggested  by  Professor  Airy,  from  a  similar 
instance  in  the  theory  of  sound,  already  mentioned^ 
will  be  best  understood  in  his  own  words.  ^'  We  have 
every  reason,"  he  observes,  ''  to  think  that  a  part  of  the 
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velocity  of  sound  depends  upon  the  circumstance  that 
the  law  of  elasticity  of  the  air  is  altered  by  the  instan- 
taneous developement  of  latent  heat  on  compression^ 
or  the  contrary  effect  on  expansion.  Now^  if  this  heat 
required  time  for  its  developement^  the  quantity  of  heat 
developed  would  depend  upon  the  time  during  which 
the  particles  remained  in  nearly  the  same  relative  state, 
that  isj  on  the  time  of  vibration.  Consequently,  the 
law  of  elasticity  would  be  different  for  different  times 
of  vibration,  or  for  different  lengths  of  waves;  and 
therefore  the  velocity  of  transmission  would  be  different 
for  waves  of  different  lengths.  If  we  suppose  some 
cause  which  is  put  in  action  by  the  vibration  of  the 
particles  to  affect,  in  a  similar  manner,  the  elasticity  of 
the  medium  of  light,  and  if  we  conceive  the  degree  of 
developement  of  that  cause  to  depend  upon  time,  we  shall 
have  a  sufficient  explanation  of  the  unequal  refrangi- 
bility  of  different  coloured  rays."  Even  should  this 
view  be  objectionable,  instead  of  being  surprised  that 
one  discrepant  case  should  occur,  it  is  astonishing  to 
find  the  theory  so  nearly  complete,  if  it  be  considered 
that  no  subject  in  the  whole  course  of  physico-mathe- 
matical  enquiry  is  more  abstruse  than  the  doctrine  of 
the  propagation  of  motion  through  elastic  media,  per- 
petually requiring  the  aid  of  analogy,  from  the  uncon- 
querable  difficulties  of  the  subject. 
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It  is  not  by  vision  alone  that  a  knowledge  of  the  sun's 
rays  is  acquired^  —  touch  proves  that  they  have  the 
power  of  raising  the' temperature  of  substances  exposed 
to  their  action;  and  experience  Ukewise  teaches  that 
remarkable  changes  are  effected  by  their  chemical 
agency.  Sir  William  Herschel  discovered  that  rays  of 
caloric^  which  produce  the  sensation  of  heat^  exist  inde- 
pendently of  those  of  light ;  when  he  used  a  prism  of 
flint  glass^  he  found  the  warm  rays  most  abundant  in 
the  dark  space  a  little  beyond  the  red  extremity  of  the 
solar  spectrum^  from  whence  they  decrease  towards 
the  violet,  beyond  which  they  are  insensible.  It  may, 
therefore,  be  concluded,  that  the  calorific  rays  vary  in 
refrangibihty,  and  that  those  beyond  the  extreme  red  are 
less  refrangible  than  any  rays  of  hght.  Dr.WoUaston,  and 
MM.  Bitter  and  Beckman,  discovered  simultaneously  that 
invisible  rays,  known  only  by  their  chemical  action, 
exist  in  the  dark  space  beyond  the  extreme  violet, 
where  there  is  no  sensible  heat.  These  are  more  refran. 
gible  than  any  of  the  rays  of  light  or  heat,  and  gra- 
dually decrease  in  refrangibihty  towards  the  other  end 
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of  the  spectrum^  where  they  cease.  Thus,  the  solar 
spectrum  is  proved  to  consist  of  five  superposed  spectra, 
only  three  of  which  are  visible — the  red,  yellow,  and 
blue ;  each  of  the  five  varies  in  refrangibility  and  in- 
tensity throughout  the  whole  extent,  the  visible  part 
being  overlapped  at  one  extremity  by  the  chemical, 
and  at  the  other  by  the  calorific  rays.  The  action  of 
the  chemical  rays  blackens  the  salts  of  silver,  and  their 
influence  is  daily  seen  in  the  fading  of  vegetable  colours. 
What  object  they  are  destined  to  accomplish  in  the 
economy  of  nature  remains  unknown,  but  certain  it  is, 
that  the  very  existence  of  the  animal  and  vegetable 
creation  depends  upon  the  calorific  rays.  That  the 
heat-producing  rays  exist  independently  of  light  is  a 
matter  of  constant  experience  in  the  abundant  emission 
of  them  from  boiling  water.  Yet  there  is  every  reason 
to  believe  that  both  the  calorific  and  chemical  rays  are 
modifications  of  the  same  agent  which  produces  the 
sensation  of  light.  The  rays  of  heat  are  subject  to  the 
-same  laws  of  reflection  and  refraction  with  those  of 
light.  They  pass  through  the  gases  with  the  same  faci- 
lity, but  a  remarkable  diflerence  obtains  in  the  trans.* 
mission  of  light  and  heat  through  most  solid  and  liquid 
8ubstanc€ts,  the  same  body  being  often  perfectly  transpa- 
rent to  the  luminous,  and  altogether  impermeable  to  the 
calorific  rays.  The  experiments  of  M.  de  Larodie  show 
that  glass,  however  thin,  totally  intercepts  the  obscure 
rays  of  caloric  when  they  flow  from  a  body  whose 
temperature  is  lower  than  that  of  boiling  water  ;  that, 
as  the  temperature  increases,  the  calorific  rays  are  trans- 
mitted more  and  more  abundantly ;  and  when  the  body 
becomes  highly  luminous,  that  they  penetrate  the  glass 
with  perfect  ease.  The  very  feeble  heat  of  moonlight 
must  be  incapable  of  penetrating  glass,  consequently  it 
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does  not  sensibly  affect  the  thermometer^  even  when 
concentrated.  On  the  contrary,  the  extreme  brilliancy 
of  the  sun  is  probably  the  reason  why  his  heat,  when 
brought  to  a  focus  by  a  lens,  is  more  intense  than  any 
that  can  be  produced  artificially.  It  is  owing  to  the 
same  cause  that  glass  screens,  which  entirely  exclude 
the  heat  of  a  common  fire,  are  permeable  by  the  solar 
caloric. 

The  results  of  M.  De  Laroche  have  been  confirmed  by 
the  recent  experiments  of  M.  Melloni,  whence  it  appears 
that  the  calorific  rays  pass  less  abundantly,  not  only 
through  glass,  but  through  rock-crystal,  Iceland  spar, 
and  other  diaphanous  bodies^  both  solid  and  liquid,  ac- 
cwding  as  the  temperature  of  their  origin  is  diminished, 
and  that  they  are  altogether  intercepted  when  the  tem- 
perature is  about  that  of  boiling  water.  It  is  singular 
that  transparency  with  regard  to  light  is  totally  different 
from  the  power  of  transmitting  heat.  In  bodies  pos- 
sessing the  same  degree  of  transparency  for  light,  the 
quantities  of  heat  which  they  transmit  differ  immensely, 
though  proceeding  from  the  same  source.  The  trans- 
missive  power  of  certain  substances  having  a  dark 
colour,  exceeds  by  four  or  five  times  that  of  others  per- 
fectly diaphanous,  and  the  calorific  rays  pass  instant, 
aneously  through  black  glass  perfectly  opaque  to  light. 

The  property  of  transmitting  the  calorific  rays  di- 
minishes^ to  a  certain  degree,  with  the  thickness  of  the 
body  they  have  to  traverse,  but  not  so  much  as  might 
be  expected.  A  piece  of  very  transparent  alum  trans- 
mitted three  or  four  times  less  radiant  heat  from  the 
flame  of  a  lamp  than  a  piece  of  nearly  opaque  quartz 
about  a  hundred  times  as  thick.  However,  the  in- 
fluence of  thickness  upon  the  phenomena  of  transmis- 
sion increases  with  the  decrease  of  temperature  in  the 
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origin  of  the  rays^  and  becomes  very  great  when  that 
temperature  is  low.  This  is  a  circumstance  intimately 
connected  with  the  law  established  by  M.De  Laroche^  for 
M.  Melloni  observed  that  the  diflferences  between  the 
quantities  of  caloric  transmitted  by  the  same  plate  of 
glass^  exposed  successively  to  several  sources  of  heat, 
diminished  with  the  thinness  of  the  plate,  and  vanished 
altogether  at  a  certain  limits  and  that  a  film  of  mica 
transmitted  the  same  quantity  of  caloric  whether  it  was 
exposed  to  incandescent  platina  or  to  a  mass  of  iron 
heated  to  S60^.  Every  time  that  heat  is  transmitted 
through  a  substance^  less  of  it  is  absorbed.  For  ex- 
ample^ a  certain  quantity  of  heat  is  absorbed  in  passing 
through  a  thin  film  of  glass ;  less  of  the  same  is  ab- 
sorbed in  traversing  a  second  ;  and  still  less^  the  third. 
Wherefore  heat^  which  has  passed  through  one  stratum 
of  air^  experiences  a  less  absorption  in  each  of  the  fol- 
lowing strata^  and  may  therefore  be  propagated  to  a 
greater  distance  before  it  is  extinguished. 

Since  the  power  of  penetrating  glass  increases  in  pro- 
portion as  the  radiating  caloric  approaches  the  state  of 
lights  it  seemed  to  indicate  that  the  same  principle  takes 
the  form  of  light  or  heat  according  to  the  modificatioii 
it  receives^  and  that  the  hot  rays  are  only  invisible  light; 
and  lights  luminous  calorie.  It  was  natural  to  infer 
that^  in  the  gradual  approach  of  invisible  caloric  to  the 
eonditibn  and  properties  of  luminous  caloric^  the  invisi- 
ble rays  must  at  first  be  analogous  to  the  least  calorific 
part  of  the  spectrum^  which  is  at  the  violet  extremity, 
— an  analogy  which  appeared  to  be  greater^  by  all  flame 
being  at  first  violet  or  blue^  and  only  becoming  white 
when  it  has  attained  its  greatest  intensity.  Thus,  as 
diaphanous  bodies  transmit  light  with  the  same  fadli^ 
whether  proceeding  from  the  sun  or  from  a  ^ow-wonn. 
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and  that  no  substance  bad  hitherto  been  found  which 
instantaneously  transmits  radiant  caloric  coming  from  a 
source  of  low  temperature^  it  was  concluded  that  no 
such  substance  exists,  and  the  great  difference  ^between 
the  transmission  of  light  and  radiant  heat  was  thus  re- 
ferred to  the  nature  of  the  agent  of  heat,  and  not  to  the 
action  of  matter  upon  the  calorific  rays.  M.  Melloni 
has,  however,  discovered  in  rock-salt  a  substance  which 
transmits  radiant  heat  with  the  same  facility  whether  it 
originates  in  the  brightest  flame  or  lukewarm  water, 
and  which  consequently  possesses  the  same  permeability 
with  regard  to  heat  that  all  diaphanous  bodies  have  for 
light.  It  follows,  therefore,  that  the  impermeability  of 
glass  and  other  substances  for  heat  arises  from  their  ac- 
tion upon  the  calorific  rays,  and  not  from  the  principle 
of  heat.  But,  although  this  discovery  changes  the  re- 
ceived ideas  drawn  from  M.  De  Laroche's  experiments^ 
it  establishes  a  new  and  unlooked-for  analogy  between 
these  two  great  agents  of  nature.  The  probability  of 
light  and  heat  being  modifications  of  the  same  principle 
is  not  diminished  by  the  calorific  rays  being  unseen,  for 
tfie  condition  of  visibility  or  invisibility  may  only  de- 
pend upon  the  construction  of  our  eyes,  and  not  upon 
the  nature  of  the  agent  which  produces  these  sensations 
in  us.  The  sense  of  seeing  may  be  confined  within 
<^ertain  limits.  The  chemical  rays  beyond  the  violet 
end  of  the  spectrum  may  be  too  rapid,  or  not  suf- 
ficiently excursive  in  their  vibrations  to  be  visible  to 
the  human  eye;  and  the  calorific  rays  beyond  the 
other  end  of  the  spectrum,  may  not  be  sufficiently  rapid, 
or  too  extensive,  in  their  undulations  to  affect  our  optic 
nerves,  though  both  may  be  visible  to  certain  animals 
or  insects.  We  are  altogether  ignorant  of  the  percep- 
tions which  direct  the  carrier-pigeon  to  his  home^  and 
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the  vulture  to  his  prey,  before  he  himself  is  visible  even 
as  a  speck  in  the  heavens ;  or  of  those  in  the  antennae  of 
insects  which  warn  them  of  the  approach  of  danger.  So 
likewise  beings  may  exist  on  earth,  in  the  air,  or  in  the 
waters,  which  hear  sounds  our  ears  are  incapable  of 
hearing,  and  which  see  rays  of  light  and  heat  of  which 
we  are  unconscious.  Our  perceptions  and  faculties  are 
limited  to  a  very  small  portion  of  that  immense  chain 
of  existence  which  extends  from  the  Creator  to  eva- 
nescence. The  identity  of  action  under  similar  circum- 
stances is  one  of  the  strongest  arguments  in  favour  of 
the  common  nature  of  the  chemical,  visible,  and  ca- 
lorific rays.  They  are  all  capable  of  reflection  from 
polished  surfaces,  of  refraction  through  diaphanous  sub- 
stances, of  polarisation  by  reflection  and  by  doubly  re- 
fracting crystals ;  none  of  these  rays  add  sensibly  to  the 
weight  of  matter;  their  velocity  is  prodigious;  they 
may  be  concentrated  and  dispersed  by  convex  and  con- 
cave mirrors;  light  and  heat  pass  with  equal  facility 
through  rock-salt,  and  both  are  capable  of  radiation  ; 
the  chemical  rays  are  subject  to  the  same  law  of  inter- 
ference with  those  of  light ;  and  although  the  interfer- 
ence of  the  calorific  rays  has  not  yet  been  proved,  there 
is  no  reason  to  suppose  that  they  differ  from  the  others 
in  this  instance.  As  the  action  of  matter  in  so  many 
cases  is  the  same  on  the  whole  assemblage  of  rays,  visi- 
ble and  invisible,  which  constitute  a  solar  beam,  it  is 
more  than  probable  that  the  obscure,  as  well  as  the 
luminous  part,  is  propagated  by  the  undulations  of  an 
imponderable  ether,  and  consequently  comes  under  the 
same  laws  of  analysis. 

Coloured  glasses  transmit  rays  of  certain  degrees  of 
refrangibility,  and  absorb  those  of  other  degrees.  For 
example,  red  glass  absorbs  the  more  refrangible  rays. 
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and  transmits  the  red,  which  are  the  least  refrangible. 
On  the  contrary^  violet  glass  absorbs  the  least  refrangible, 
and  transmits  the  violet,  which  are  the  most  refrangible. 
Now  M.  Mellon!  has  found,  that  although  the  colour- 
ing matter  of  glass  diminishes  its  power  of  transmitting 
heat,  yet  red,  orange,  yellow,  blue,  violet,  and  white 
glass,  transmit  calorific  rays  of  all  degrees  of  refrangi- 
bility.  Whereas  green  glass  possesses  the  peculiar  pro. 
perty  of  transmitting  the  least  refrangible  calorific  rays, 
and  stopping  those  that  are  most  refrangible.  It  has, 
therefore,  the  same  elective  action  for  heat  that  coloured 
glass  has  for  light,  and  its  action  on  heat  is  analogous 
to  that  of  red  glass  on  light.  Alum,  and  sulphate  of 
lime,  are  exactly  opposed  to  green  glass  in  their  action 
on  heat,  by  transmitting  the  most  refrangible  rays  with 
the  greatest  facility. 

Liquids,  the  various  kinds  of  glass,  and  probably  all 
substances,  whether  solid  or  liquid,  that  do  not  crystal- 
lise regularly,  are  more  pervious  to  the  calorific  rays 
according  as  they  possess  a  greater  refracting  power. 
For  example,  the  chloride  of  sulphur,  which  has  a  high 
refracting  power,  transmits  more  of  the  calorific  rays 
than  the  oils  which  have  a  less  refracting  power :  oils 
transmit  more  radiant  heat  than  the  acids;  the  acids  more 
than  aqueous  solutions  ;  and  the  latter  more  than  pure 
water,  which,  of  all  the  series,  has  the  least  refracting 
power,  and  is  the  least  pervious  to  heat.  M.  Melloni 
observed,  also,  that  each  ray  of  the  solar  spectrum  fol. 
lows  the  same  law  of  action  with  that  of  terrestrial  rays 
having  their  origin  in  sources  of  different  temperatures ; 
so  that  the  very  refrangible  rays  may  be  compared  to 
the  heat  emanating  from  a  focus  of  high  temperature, 
and  the  least  refrangible  to  the  heat  which  comes  from 
B  3 
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a  source  of  low  temperature.  Thus^  if  the  calorific 
rays  emerging  from  a  prism  be  made  to  pass  through  a 
Jayer  of  water  contained  between  two  plates  of  glass^  it 
will  be  found  that  these  rays  suffer  a  loss  in  passing 
through  the  liquid^  as  much  greater  as  their  refrangibi- 
lity  is  less.  The  rays  of  heat  that  are  mixed  with  the 
blue  or  violet  light  pass  in  great  abundance^  while  those 
in  the  obscure  part  which  follows  the  red  light  are 
almost  totally  intercepted.  The  first,  therefore,  act  like 
the  heat  of  a  lamp,  and  the  last  like  that  of  boiling 
water. 

These  circumstances  explain  the  phenomena  observed 
by  several  philosophers  with  regard  to  the  point  of 
greatest  heat  in  the  solar  spectrum,  which  varies  with  the 
substance  of  the  prism.  Sir  William  Herschel,  who  em*- 
ployed  a  prism  of  flint  glass,  found  that  point  to  be  a  little 
beyond  the  red  extremity  of  the  spectrum ;  but,  according 
to  M.  Seebeck,  it  is  found  to  be  upon  the  yellow,  upon 
the  orange,  on  the  red,  or  at  the  dark  limit  of  the  red, 
according  as  the  prism  consists  of  water,  sulphuric  acid^ 
crown  or  flint  glass.  If  it  be  recollected  that,  in  the 
spectrum  from  crown  glass,  the  maximum  heat  is  in 
the  red  part,  and  that  the  solar  rays,  in  traversing  a 
mass  of  water,  sufier  losses  inversely  as  their  refrangi- 
bility,  it  will  be  easy  to  understand  the  reason  of  the 
phenomenon  in  question.  The  solar  heat  which  comes 
to  the  anterior  face  of  the  prism  of  water  consists  of  rays 
of  all  degrees  of  refrangibility.  Now,  the  rays  possess- 
ing the  same  index  of  refraction  with  the  red  light 
sufl^  a  greater  loss  in  passing  through  the  prism,  than 
the  rays  possessing  the  refrangibilily  of  the  orange  light, 
and  the  latter  lose  less  in  their  passage  than  the  heat  of 
the  yellow.  Thus,  the  losses,  being  inversely  propor* 
tional  to  the  degree  of  refrangibility  of  each  ray,  cause 
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the  point  of  maximum  heat  to  tend  from  the  red  to- 
wards the  videt^  and  therefore  it  rests  upon  the  yellow 
part  The  prism  of  sulphuric  acid,  acting  similarly,  hut 
with  less  energy  than  that  of  water,  throws  the  point  of 
greatest  heat  on  the  orange ;  for  the  same  reason,  the 
crown  and  flint  glass  prisms  transfer  that  point  respect- 
ively to  the  red  and  to  its  limit  M.  Melloni,  observ- 
ing that  the  maximum  point  of  heat  is  transferred 
farther  and  farther  towards  the  red  end  of  the  spectrum, 
according  as  the  substance  of  the  prism  is  more  and 
more  permeable  to  heat,  inferred  that  a  prism  of  rock, 
salt,  which  possesses  a  greater  power  of  transmitting  the 
calorific  rays  than  any  known  body,  ought  to  throw  the 
point  of  greatest  heat  to  a  considerable  distance  beyond 
the  visible  part  of  the  spectrum, — an  anticipation  which 
experiment  fully  confirmed,  by  placing  it  as  much  be- 
yond the  dark  limit  of  the  red  rays,  as  the  red  part  is 
distant  from  the  bluish  green  band  of  the  spectrum. 

When  radiant  heat  falls  upon  a  surface,  part  of  it  is 
reflected  and  part  of  it  is  absorbed ;  consequently  the 
best  reflectors  possess  the  least  absorbing  powers.  The 
absorption  of  the  sun's  rays  is  the  cause  both  of  the 
colour  and  temperature  of  solid  bodies*  A  black  sub- 
stance absorbs  all  the  rays  of  light,  ai^l  reflects  none ; 
and  since  it  absorbs  at  the  same  time  all  the  calorific 
rays,  it  becomes  sooner  warm,  and  rises  to  a  higher 
temperature,  than  bodies  of  any  other  colour.  Blue 
bodies  come  next  to  black  in  thdr  power  of  absorption. 
Of  all  the  colours  of  the  solar  spectrum,  the  blue  pos« 
sesses  least  of  the  heating  power ;  and  since  substances 
of  a  blue  tint  absorb  all  the  other  colours  of  the  spec- 
trum, they  absorb  by  fiur  the  greatest  part  of  the 
calorific  rays,  and  reflect  the  blue  where  they  f^pe  least 
alnmdant     Next  in  order  come  the  green,  yellow,  red. 
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and,  last  of  all,  white  bodies,  which  reflect  nearly  all 
the  rays  both  of  light  and  heat.  The  temperature  of 
very  transparent  fluids  is  not  raised  by  the  passage  of 
the  sun's  rays,  because  they  do  not  absorb  any  of  them ; 
and  as  his  heat  is  very  intense,  transparent  solids  arrest 
a  very  small  portion  of  it. 

Rays  of  heat  proceed  in  diverging  straight  lines  from 
each  point  in  the  surfaces  of  hot  bodies,  in  the  same 
manner  as  diverging  rays  of  light  dart  from  every  point 
of  the  surfaces  of  those  that  are  luminous.  Heated 
substances,  when  exposed  to  the  open  air,  continue  to 
radiate  caloric  till  they  become  nearly  of  the  temperature 
of  the  surrounding  medium.  The  radiation  is  very 
rapid  at  first,  but  diminishes  according  to  a  known 
law,  with  the  temperature  of  a  heated  body.  It  appears, 
also,  that  the  radiating  power  of  a  surface  is  inversely 
as  its  reflecting  power ;  and  bodies  that  are  most  im- 
permeable to  heat  radiate  least.  According  to  the  ex- 
periments of  Sir  John  Leslie,  radiation  proceeds  not 
only  from  the  surfaces  of  substances,  but  also  from  the 
particles  at  a  minute  depth  below  it.  He  found  that 
the  emission  is  most  abundant  in  a  direction  perpendi- 
cular to  the  radiating  surface,  and  is  more  rapid  from  a 
rough  than  from  a  polished  surface :  radiation,  how. 
ever,  can  only  take  place  in  air  and  in  vacuo ;  it  is 
altogether  imperceptible  when  the  hot  body  is  enclosed 
in  a  solid  or  liquid.  All  substances  may  be  considered 
to  radiate  caloric,  whatever  their  temperature  may  be, 
though  with  diflerent  intensities,  according  to  their 
nature,  the  state  of  their  surfaces,  and  the  temperature 
of  the  medium  into  which  they  are  brought.  But 
every  surface  absorbs,  as  well  as  radiates,  caloric  ; 
and  the  power  of  absorption  is  always  equal  to 
that  of  radiation ;  for,  under  the  same  circumstances^ 
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matter  which  becomes  soon  warm  also  cools  rapidly. 
There  is  a  constant  tendency  to  an  equal  difilision  of 
caloric^  since  every  body  in  nature  is  giving  and  re- 
ceiving it  at  the  same  instant ;  each  will  be  of  uniform 
temperature  when  the  quantities  of  caloric  given  and 
received  during  the  same  time  are  equals  that  is^  when 
a  perfect  compensation  takes  place  between  each  and 
all  the  rest.  Our  sensations  only  measure  comparative 
degrees  of  heat :  when  a  body,  such  as  ice,  appears  to  be 
cold,  it  imparts  fewer  calorific  rays  than  it  receives; 
and  when  a  substance  seems  to  be  warm,  —  for  ex- 
ample, a  fire, — it  gives  more  caloric  than  it  takes. 
The  phenomena  of  dew  and  hoar-frost  are  owing 
to  this  inequality  of  exchange ;  the  caloric  radiated 
during  the  night  by  substances  on  the  surface  of  the 
earth  into  a  clear  expanse  of  sky  is  lost,  and  no  return 
is  made  from  the  blue  vault,  so  that  their  temperature 
sinks  below  that  of  the  air,  whence  they  abstract  a 
part  of  that  caloric  which  holds  the  atmospheric  hu- 
midity in  solution,  and  a  deposition  of  dew  takes  place. 
If  the  radiation  be  great,  the  dew  is  frozen,  and  be- 
comes hoar-frost,  which  is  the  ice  of  dew.  Cloudy 
weather  is  unfavourable  to  the  formation  of  dew,  by 
preventing  the  free  radiation  of  caloric,  and  actual  con- 
tact is  requisite  for  its  deposition,  since  it  is  never  sus- 
pended in  the  air,  like  fog.  Plants  derive  a  great  part 
of  their  nourishment  from  this  source ;  and  as  each  pos- 
sesses a  power  of  radiation  peculiar  to  itself,  they  are 
capable  of  procuring  a  sufficient  supply  for  their  wants. 
Rain  is  formed  by  the  mixing  of  two  masses  of  air 
of  difierent  temperatures ;  the  colder  part,  by  abstract- 
ing fi-om  the  other  the  heat  which  holds  it  in  solution, 
occasions  the  particles  to  approach  each  other  and 
form  drops  of  water,  which^  becoming  too  heavy  to  be 
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sustained  by  the  atmosphere^  sink  to  the  earth  by  gravi- 
tation in  the  form  of  rain.  The  contact  of  two  strata 
of  air  of  different  temperatures^  moving  rapidly  in  op- 
posite directions^  occasions  an  abundant  precipitation  of 
rain.  When  the  masses  of  air  differ  very  much  in 
temperature^  and  meet  suddenly^  hail  is  formed.  This 
happens  frequently  in  hot  plains  near  a  ridge  of  moun. 
tains^  as  in  the  South  of  France ;  but  no  explanation 
has  hitherto  been  given  of  the  cause  of  the  severe  hail- 
storms which  occasionally  take  place  on_extensive  plains 
within  the  tropics. 

An  accumulation  of  caloric  invariably  produces  light: 
with  the  exception  of  the  gases^  all  bodies  which  can 
endure  the  requisite  degree  of  heat  without  decomposi- 
tion, begin  to  emit  light  at  the  same  temperature;  but 
when  the  qi]^ntity  of  caloric  is  so  great  as  to  render 
the  affinity  of  their  component  particles  less  than  their 
affinity  for  the  oxygen  of  the  atmosphere,  a  chemical 
combination  takes  place  with  the  oxygen,  light  and 
heat  are  evolved,  and  fire  is  produced.  Combustion  — 
so  essential  for  our  comfort,  and  even  existence  — takes 
place  very  easily,  from  the  small  affinity  between  thte 
component  parts  of  atmospheric  air,  the  oxygen  being 
nearly  in  a  free  state  ;  but  as  the  cohesive  force  of  the 
particles  of  different  substances  is  very  variable,  different 
degrees  of  heat  are  requisite  to  produce  their  combus-* 
tion.  The  tendency  of  heat  to  a  state  of  equal  diffusion 
or  equilibrium,  either  by  radiation  or  contact,  makes  it 
necessary  that  the  chemical  combination  which  occasions 
combustion  should  take  place  instantaneously ;  for  if 
the  heat  were  developed  progressively,  it  would  be  dis« 
sipated  by  degrees,  and  would  never  accumulate  suffi- 
ciently to  produce  a  temperature  high  enough  for  the 
evolution  of  flame. 
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It  is  a  general  law  that  all  bodies  expand  by  heat  and 
contract  by  cold.  The  expansive  force  of  caloric  has 
a  constant  tendency  to  overcome  the  attraction  of  co- 
hesion^ and  to  separate  the  constituent  particles  of 
solids  and  fluids ;  by  this  separation  the  attraction  of 
aggregation  is  more  and  more  weakened^  till  at  last  it 
is  entirely  overcome,  or  even  changed  into  repulsion. 
By  the  continual  addition  of  caloric,  solids  may  be  made 
to  pass  into  liquids,  and  from  liquids  to  the  aeriform 
state,  the  dilatation  increasing  with  the  temperature; 
and  every  substance  expands  according  to  a  law  of  its 
own.  Ghises  expand  more  than  liquids,  and  liquids 
more  than  solids.  The  expansion  of  air  is  more  than 
eight  times  that  of  water,  and  the  increase  in  the  bulk 
of  water  is  at  least  forty-five  times  greater  than  that  of 
iron.  Metals  dilate  uniformly  from  the  freezing  to  the 
boiling  points  of  the  thermometer;  the  uniform  ex- 
pansion of  the  gases  extends  between  stiU  wider  limits  ; 
but  as  liquidity  is  a  state  of  transition  from  the  solid  to 
the  aeriform  condition,  the  equable  dilatation  of  liquids 
has  not  so  extensive  a  range.  This  change  of  bulk, 
corresponding  to  the  variation  of  heat,  is  one  of  the 
most  important  of  its  effects,  since  it  furnishes  the 
means  of  measuring  relative  temperature  by  the  ther- 
mometer and  pyrometer.  The  rate  of  expansion  of 
solids  varies  at  their  transition  to  liquidity,  and  that  of 
liquids  is  no  longer  equable  near  their  change  to  an 
aeriform  state.  There  are  exceptions,  however,  to  the 
general  laws  of  expansion ;  some  liquids  have  a  maxi- 
mum density  corresponding  to  a  certain  temperature, 
and  dilate  whether  that  temperature  be  increased  or 
diminished.  For  example  — water  expands  whether  it 
be  heated  above  or  cooled  below  40^.  The  solidifica- 
tion of  soAie  liquids,  and  especially  their  crystallisation^ 
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is  always  accompanied  by  an  increase  of  bulk.  Water 
dilates  rapidly  when  converted  into  ice,  and  with  a  force 
sufficient  to  split  the  hardest  substances.  The  formation 
of  ice  is,  therefore,  a  powerful  agent  in  the  disinte- 
gration and  decomposition  of  rocks,  operating  as  one  of 
the  most  efficient  causes  of  local  changes  in  the  struc- 
ture of  the  crust  of  the  earth ;  of  which  we  have  ex- 
perience in  the  tremendous  ^houlemens  of  mountains  in 
Switzerland. 

The  dilatation  of  substances  by  heat,  and  their  con- 
traction by  cold,  occasion  such  irregularities  in  the  rate 
of  clocks  and  watches,  as  would  render  them  unfit  for 
astronomical  or  nautical  purposes,  were  it  not  for  a 
very  beautiful  application  of  the  laws  of  unequal  ex- 
pansion. The  oscillations  of  a  pendulum  are  the  same 
as  if  its  whole  mass  were  united  in  one  dense  particle^ 
in  a  certain  point  of  its  length,  called  the  centre  of 
oscillation.  If  the  distance  of  this  point  from  the  point 
by  which  the  pendulum  is  suspended,  were  invariable^ 
the  rate  of  the  clock  would  be  invariable  also.  The 
difficulty  is  to  neutralise  the  effects  of  temperature^ 
which  is  perpetually  increasing  or  diminishing  its 
length.  Among  many  contrivances^  Graham's  com- 
pensation pendulum  is  the  most  simple.  He  employed 
a  glass  tube  containing  mercury.  When  the  tube  ex- 
pands from  the  effects  of  heat,  the  mercury  expands 
much  more,  so  that  its  surface  rises  a  little  more  than 
the  end  of  the  pendulum  is  depressed,  and  the  centre 
of  oscillation  remains  stationary.  Harrison  invented  a 
pendulum  which  consists  of  seven  bars  of  steel  and  of 
brass,  joined  in  the  shape  of  a  gridiron,  in  such  a  man- 
ner that  the  bars  of  brass  raise  the  weight  at  the  end 
of  the  pendulum  as  mudi  as  the  bars  of  steel  depress 
it     In  general^  only  five  bars  are  used ;  three  being  of 
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Steely  and  two  a  mixture  of  silver  and  zinc.  The  effects 
of  temperature  are  neutralised  in  chronometers  upon 
the  same  principle;  and  to  such  perfection  are  they 
brought,  that  the  loss  or  gain  of  one  second  in  twenty- 
four  hours,  for  two  days  running,  would  render  one 
unfit  for  use.  Accuracy  in  surveying  depends  upon 
the  compensation  rods  employed  in  measuring  bases. 
Thus,  the  laws  of  the  unequal  expansion  of  matter 
judiciously  applied,  have  an  immediate  influence  upon 
our  estimation  of  time ;  upon  the  motions  of  bodies  in 
the  heavens,  and  of  their  fall  upon  the  earth  ;  on  the 
figure  of  the  globe,  and  our  system  of  weights  and 
measures;  on  our  commerce  abroad,  and  the  mensuration 
of  our  lands  at  home. 

The  expansion  of  crystalline  substances  takes  place 
under  very  different  circmnstances  from  the  dilatation 
of  such  as  are  not  crystallised.  The  latter  become  both 
longer  and  thicker  by  an  accession  of  heat,  whereas 
M.  Mitscherlich  has  found  that  the  former  expand 
differently  in  different  directions ;  and,  in  a  particular 
instance,  extension  in  one  direction  is  accompanied 
by  contraction  in  another.  The  internal  structure  of 
crystallised  matter  must  be  very  peculiar,  thus  to  modify 
the  expansive  power  of  heat,  and  so  materially  to 
influence  the  transmission  of  caloric  and  the  visible 
rays  of  the  spectrum. 

Heat  is  propagated  with  more  or  less  rapidity  through 
all  bodies ;  air  is  the  worst  conductor,  and  consequently 
mitigates  the  severity  of  cold  climates  by  preserving 
the  heat  imparted  to  the  earth  by  the  sim.  On  the 
contrary,  dense  bodies,  especially  metals,  possess  the 
power  of  conduction  in  the  greatest  degree,  but  the 
transmission  requires  time.  If  a  bar  of  iron,  twenty 
inches  long,  be  heated  at  one  extremity,  the  caloric 
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takes  four  minutes  in  passing  to  the  other.  The 
particle  of  the  metal  that  is  first  heated  communicates 
its  caloric  to  the  second^  and  the  second  to  the  third  ; 
so  that  the  temperature  of  the  intermediate  molecule^ 
at  any  instant^  is  increased  by  the  excess  of  the  tem- 
perature of  the  first  above  its  ov^n^  and  diminished  by 
the  excess  of  its  own  temperature  above  that  of  the 
third.  That,  however,  will  not  be  the  temperature 
indicated  by  the  thermometer,  because,  as  soon  as  the 
particle  is  more  heated  than  the  surrounding  atmo- 
sphere, it  will  lose  its  caloric  by  radiation,  in  proportion 
to  the  excess  of  its  actual  temperature  above  that  of  the 
air.  The  velocity  of  the  discharge  is  directly  propor* 
tional  to  the  temperature,  and  inversely  as  the  length 
of  the  bar.  As  ^there  are  perpetual  variations  in  the 
temperature  of  all  terrestrial  substances,  and  of  the 
atmosphere,  from  the  rotation  of  the  earth  and  itfi  revo. 
lution  round  the  sun,  from  combustion,  friction,  fer- 
mentation, electricity,  and  an  infinity  of  other  causes, 
the  tendency  to  restore  the  equability  of  temperature 
by  the  transmission  of  caloric  niust  maintain  all  the 
particles  of  matter  in  a  state  of  perpetual  osdllation, 
which  will  be  more  or  less  rapid  according  to  the  con- 
ducting powers  of  the  substances.  From  the  motion  of 
the  heavenly  bodies  about  their  axes,  and  also  round 
the  sun,  exposing  them  to  perpetual  changes  of  tem- 
perature, it  may  be  inferred  that  similar  causes  will 
produce  like  efiects  in  them  too.  The  revolutions  of 
the  double  stars  show  that  they  are  not  at  rest;  and 
though  we  are  totally  ignorant  of  the  changes  that  may 
be  going  on  in  the  nebuls  and  millions  of  other  ronote 
bodies,  it  is  more  than  probable  that  they  are  not  in 
absolute  repose ;  so  that,  as  far  as  our  knowledge  ex« 
tends,  motion  seems  to  be  a  law  of  matter. 
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Heat  applied  to  the  surface  of  a  fluid  is  propagated 
downwards  very  slowly^  the  warmer,  and  consequently 
lighter  strata,  always  remaining  at  the  top.  This  is  the 
reason  why  the  water  at  the  bottom  of  lakes  fed  from 
alpine  chains  is  so  cold;  for  the  heat  of  the  sun  is 
transfused  but  a  little  way  below  the  surface.  When 
heat  is  applied  below  a  liquid,  the  particles  continually 
rise  as  they  become  specifically  lighter,  in  consequence 
of  the  caloric,  and  diffuse  it  through  the  mass,  their  place 
being  perpetually  supplied  by  those  that  are  more  dense* 
The  power  of  conducting  heat  varies  materially  in  dif. 
ferent  liquids.  Mercury  conducts  twice  as  fast  as  aa 
equal  bulk  of  water,  which  is  the  reason  why  it  appears 
to  be  so  cold.  A  hot  body  diffuses  its  caloric  in  the  air 
by  a  double  process.  The  air  in  contact  with  it,  being 
heated,  and  becoming  lighter,  ascends  and  scatters  its 
caloric,  while,  at  the  same  time,  another  portion  is  dis-* 
charged  in  straight  lines  by  the  radiating  powers  of  the 
surface.  Hence  a  substance  cools  more  rapidly  in  air 
than  in  vacuo,  because  in  the  latter  case  the  process  ia 
carried  on  by  radiation  alone.  It  is  probable  that  the 
earth,  having  originally  been  of  very  high  temperature, 
has  become  cooler  by  radiation  only.  The  ethereal 
medium  must  be  too  rare  to  carry  off  much  caloric. 

Besides  the  degree  of  heat  indicated  by  the  thermo. 
meter,  caloric  pervades  bodies  in  an  imperceptible  or 
latent  state ;  and  their  capacity  for  heat  is  so  various, 
that  very  different  quantities  of  caloric  are  required  to 
raise  different  substances  to  the  same  sensible  temper, 
ature ;  it  is  therefore  evident  that  much  of  the  caloric 
is  absorbed,  or  latent  and  insensible  to  the  thermometer. 
The  portion  of  caloric  requisite  to  raise  a  body  to  a 
^ven  temperature  is  its  specific  heat ;  but  latent  heat, 
is  that  portion  of  caloric  which  is  employed  in  changing 
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the  State  of  bodies  from  solid  to  liquid,  and  from 
liquid  to  vapour.  ^Vlien  a  solid  is  converted  into  a 
liquid,  a  greater  quantity  of  caloric  enters  into  it,  than 
can  be  detected  by  the  thermometer  ^  this  accession  of 
caloric  does  not  make  the  body  warmer,  though  it  con- 
verts it  into  a  liquid,  and  is  the  principal  cause  of  its 
fluidity.  Ice  remains  at  the  temperature  of  32°  of 
Fahrenheit  till  it  has  combined  with  or  absorbed  140° 
of  caloric,  and  then  it  melts,  but  without  raising  the 
temperature  of  the  water  above  32° ;  so  that  water  is 
a  compound  of  ice  and  caloric.  On  the  contrary,  when 
a  liquid  is  converted  into  a  solid,  a  quantity  of  caloric 
leaves  it  without  any  diminution  of  temperature. 
Water  at  the  temperature  of  32°  must  part  with  140° 
of  fcaloric  before  it  freezes.  The  slowness  with  which 
water  freezes,  or  ice  thaws,  is  a  consequence  of  the 
time  required  to  give  out  or  absorb  140°  of  latent  heat. 
A  considerable  degree  of  cold  is  often  felt  during  a 
thaw,  because  the  ice,  in  its  transition  from  a  solid  to 
a  liquid  state,  absorbs  sensible  heat  from  the  atmosphere 
and  other  bodies,  and,  by  rendering  it  latent,  maintains 
them  at  the  temperature  of  32°  while  melting.  Ac- 
cording to  the  same  principle,  vapour  is  a  combination 
of  caloric  with  a  liquid.  By  the  continued  application 
of  heat,  liquids  are  converted  into  vapour  or  steam, 
which  is  invisible  and  elastic  like  common  air.  Under 
the  ordinary  pressure  of  the  atmosphere,  that  is,  when 
the  barometer  stands  at  30  inches,  water  acquires  a  con- 
stant accession  of  heat  till  its  temperature  rises  to  212° 
of  Fahrenheit ;  after  that  it  ceases  to  show  any  increase 
in  heat,  but  when  it  has  absorbed  an  additional  1000° 
of  caloric  it  is  converted  into  steam.  Consequently, 
about  1000°  of  latent  heat  exists  in  steam  without 
raising  its  temperature,  and  steam  at  212°  must  part 
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with  the  same  quantity  of  latent  caloric  when  condensed 
into  water.  Water  boils  at  different  temperatures  under 
different  degrees  of  pressure.  It  boUs  at  a  lower  tem- 
perature on  the  top  of  a  mountain  than  in  the  plain 
below^  because  th^  weight  of  the  atmosphere  is  less  at 
the  higher  station.^ There  is  no  limit  to  the  temperature 
to  which  water  might  be  rused ;  it  might  even  be  made 
red-hot^  could  a  vessel  be  found  strong  enough  to  resist 
the  pressure.  The  expansive  force  of  steam  is  in  pro- 
portion to  the  temperature  at  which  the  water  boils;  it 
may,  therefore,  be  increased  to  a  degree  that  is  only 
limited  by  our  inabiUty  to  restrain  it,  and  is  the  greatest 
power  that  has  been  made  subservient  to  the  wants  of 
man. 

It  is  found  that  the  absolute  quantity  of  heat  con- 
sumed in  the  process  of  converting  water  into  steam  is 
the  same  at  whatever  temperature  water  may  boil,  but 
that  the  latent  heat  of  steam  is  always  greater  ex- 
actly in  the  same  proportion  as  its  sensible  heat  is  less. 
Steam  raised  at  212°  under  the  ordinary  pressure  of 
the  atmosphere,  and  steam  raised  at  180°  under  half 
that  pressure,  contain  the  same  quantity  of  heat,  with 
this  difference,  that  the  one  has  more  latent  heat  and 
less  sensible  heat  than  the  other.  It  is  evident  that  the 
same  quantity  of  heat  is  requisite  for  converting  a  given 
weight  of  water  into  steam,  at  whatever  temperature  or 
under  whatever  pressure  the  water  may  be  boiled ;  and 
therefore,  in  the  steam-engine,  equal  weights  of  steam 
at  a  high  pressure  and  a  low  pressure  are  produced  by  the 
same  quantity  of  fuel ;  and  whatever  the  pressure  of  the 
steam  may  be,  the  consumption  of  fuel  is  proportional  to 
the  quantity  of  water  converted  into  vapour.  Steam  at 
a  high  pressure  expands  as  soon  as  it  comes  into  the  air, 
by  which  some  of  its  sensible  heat  becomes  latent ;  and 
s 
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as  it  naturally  has  less  sensible  heat  than  steam  raised 
under  low  pressure,  its  actual  temperature  is  reduced  so 
much,  that  the  hand  may  be  plunged  into  it  without  in- 
jury the  instant  it  issues  from  the  orifice  of  a  boiler. 

The  elasticity  or  tension  of  steam,  like  that  of  com- 
mon air,  varies  inversely  as  its  volume;  that  is,  when 
the  space  it  occupies  is  doubled,  its  elastic  force  is 
reduced  one  half.  The  expansion  of  steam  is  inde- 
finite ;  the  sra^est  quantity  of  water,  when  reduced  to 
the  form  of  vapour,  will  occupy  many  millions  of 
cubic  feet :  a  wonderful  illustration  of  the  minuteness 
of  the  ultimate  particles  of  matter !  The  latent  heat 
absorbed  in  the  formation  of  steam  is  given  out  again 
by  its  condensation. 

Steam  is  formed  throughout  the  whole  mass  of  a 
boiling  liquid,  whereas  evaporation  takes  place  only  at 
the  free  surfaces  of  liquids,  and  that  under  the  ordinary 
temperature  and  pressure  of  the  atmosphere.  There  is 
a  constant  evaporation  from  the  land  and  water  all  over 
the  earth.  The  rapidity  of  its  formation  does  not  alto- 
gether depend  upon  the  dryness  of  the  air ;  according 
to  Br.  Dal  ton's  experiments,  it  depends  also  on  the 
difference  between  the  tension  of  the  vapour  which  is 
forming  and  that  which  is  already  in  the  atmosphere. 
In  calm  weather,  vapour  accumulates  in  the  stratum  of 
air  immediately  above  the  evaporating  surface,  and  re- 
tards the  formation  of  more;  whereas  a  strong  wind 
accelerates  the  process,  by  carrying  off  the  vapour  as 
soon  as  it  rises,  and  making  way  for  a  succeeding  por- 
tion of  dry  air. 

The  latent  heat  of  air,  and  of  all  elastic  fluids,  may 
be  forced  out  by  sudden  compression,  like  squeezing 
water  out  of  a  sponge.  The  quantity  of  heat  brought 
into  action  in  this  way  is  very  well  illustrated  in  the  ex<« 
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periment  of  igniting  a  piece  of  tinder  by  the  sudden  com- 
pression of  air  by  a  piston  thrust  into  a  cylinder  closed  at 
one  end :  the  developement  of  heat  on  a  stupendous  scale 
is  exhibited  in  lightning,  which  is  probably  produced 
in  part  by  the  violent  compression  of  the  atmosphere 
during  the  passage  of  the  electric  fluid.  Prodigious 
quantities  of  heat  are  constantly  becoming  latent^  or  are 
disengaged  by  the  changes  of  condition  to  which  sub. 
stances  are  liable  in  passing  from  the  solid  to  the  liquid^ 
and  from  the  liquid  to  the  gaseous  form,  or  the  con- 
trary, occasioning  endless  vicissitudes  of  temperature 
over  the  globe. 

There  are  many  other  sources  of  heat,  such  as  com. 
bustion,  friction,  and  percussion,  all  of  which  are  only 
means  of  calling  a  power  into  evidence  which  already 
exists. 

The  application  of  heat  to  the  various  branches  of 
the  mechanical  and  chemical  arts  has,  within  a  few 
years,  effected  a  greater  change  in  the  condition  of  man 
than  had  been  accomplished  in  any  equal  period  of  his 
existence.  Armed  by  the  expansion  and  condensation 
of  fluids  with  a  power  equal  to  that  of  the  lightning 
itself,  conquering  time  and  space,  he  flies  over  plains^, 
and  travels  on  paths  cut  by  human  industry  even 
through  mountains,  with  a  velocity  and  smoothness 
mcH'e  like  planetary  than  terrestrial  motion ;  he  crosses. 
the  deep  in  opposition  to  wind  and  tide  ;  by  releasing 
the  strain  on  the  cable,  he  rides  at  anchor  fearless  of 
the  storm ;  he  makes  the  elements  of  air  and  water  the 
carriers  of  warmth,  not  only  to  banish  winter  from  his 
home,  but  to  adorn  it  even  during  the  snow-storm  with 
the  blossoms  of  spring  ;  and,  like  a  magician,  he  raises 
from  the  gloomy  and  deep  abyss  of  the  mine,  the  spirit 
of  light  to  dispd  the  midnight  darkness, 
s  2 
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It  has  been  observed  that  heat,  like  light  and  sound, 
probably  consists  in  the  undulations  of  an  dastic  me* 
dium.  All  the  principal  phenomena  of  heat  may 
actually  be  illustrated  by  a  comparison  with  those  oi 
sound.  The  excitation  of  heat  and  sound  are  not  only 
similar,  but  often  identical^  as  in  friction  and  percussion; 
^ey  are  bolh  commumcated  by  contact  and  radiation; 
and  Dr.  Young  observes,  that  the  effect  of  radiant  heat 
in  raising  the  temperature  of  a  body  upon  which  it 
falls^  resembles  the  sympathetic  i^tation  of  a  strings 
when  the  sound  of  another  string,  which  is  in  unison 
with  it,  is  transmitted  through  the  air.  Light,  heat, 
sound,  and  the  waves  of  fluids,  are  all  subject  to  the 
same  laws  of  reflection,  and,  indeed,  their  undulatory 
theories  are  perfectly  similar.  If,  therefore,  we  may 
judge  from  analogy,  the  undulations  of  some  of  the 
heat-producing  rays  must  be  less  frequent  than  those 
of  the  extreme  red  of  the  solar  spectrum ;  but  if  the 
analogy  were  perfect,  the  interference  of  two  hot  rays 
ought  to  produce  cold  ;  since  darkness  results  from  the 
interference  of  two  undulations  of  light ;  silence  ensues 
£rom  the  mterference  of  two  undulations  of  sound; 
and  still  water,  or  no  tide^  is  ^e  consequence  of  the 
interference  of  two  tides.  The  propagation  of  sound, 
however,  requires  a  much  denser  medium  than  that 
dther  of  light  or  heat ;  its  intensity  diminishes  as  the 
rarity  of  the  air  increases;  so  that,  at  a  very  small 
height  above  the  surface  of  the  earth,  the  noise  of  the 
tempest  ceases,  and  the  thunder  is  heard  no  more  in 
those  boundless  regions  where  the  heavenly  bodies  ac» 
complish  their  periods  in  eternal  and  sublime  silence. 

A  consciousness  of  the  fallacy  of  our  senses  is  one 
of  the  most  important  consequences  of  the  study  of 
nature.     This  study  teaches  us  that  no  object  is  seen 
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by  us  in  its  trae  place^  owing  to  aberration ;  that  the 
colours  of  substances  are  solely  the  effects  of  the  action 
of  matter  upon  light ;  and  that  light  itself^  as  well  as 
heat  and  sounds  are  not  red  beings^  but  mere  modes  of 
action  communicated  to  our  perceptions  by  the  neryes. 
The  human  frame  may^  therefore^  be  regarded  as  an 
elastic  system^  the  di^rent  parts  of  which  are  capable 
oi  receiving  the  tremors  of  elastic  media,  and  of  vibrating 
in  unison  with  any  number  of  superposed  undulations^ 
all  of  which  have  their  perfect  and  independent  effect 
Here  our  knowledge  ends  ;  the  mysterious  influence  of 
matter  on  mind  will  in  all  probability  be  for  ever  hid 
from  man. 
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SECTION  XXV. 

ATMOSPHERE  OF  THE  PLANETS  AND  THE  MOON.  —  CONSTITUTION' 
OP  THE  SUN.  —  ESTIMATION  OP  THE  SUN*S  UGHT. HIS  IN- 
FLUENCE   ON    THE    DIFFERENT   PLANETS.  TEMPERATURE   OF 

SPACE. INTERNAL  HEAT  OF  THE  EARTH.  — >  ZONE  OF  CON- 
STANT TEMPERATURE. HEAT  INCREASES   WITH   THE    DEPTH. 

—  HEAT  IN  MINES  AND  WELLS. CENTRAL  HEAT. VOL- 
CANIC   ACTION. THE    HEAT   ABOVE   THE   ZONE   OP   CONSTANT 

TEMPERATURE    ENTIRELY    FROM    THE    SUN. THE    QUANTITT 

OF     HEAT    ANNUALLY    RECEIVED    FROM    THE     SUN. ISOGEO- 

THERMAL   LINES. DISTRIBUTION  OF  HEAT  ON  THE  EARTH. 

CLIMATE. LINE      OF     PERPETUAL     CONGELATION.  CAUSES 

AFFECTING  CLIMATE. ISOTHERMAL  LINES. EXCESSIVE  CLI- 
MATES. — THE  SAME  QUANTITY  OF  HEAT  ANNUALLY  RECEIVED 
AND  RADIATED  BY  THE  EARTH. 

The  ocean  of  light  and  heat  perpetually  flowing  from 
the  sun,  must  affect  the  hodies  of  the  system  very  dif- 
ferently^ on  account  of  the  varieties  in  their  atmospheres^ 
some  of  which  appear  to  be  very  extensive  and  dense. 
According  to  the  observations  of  Schroeter,  the  atmo- 
sphere of  Ceres  is  more  than  668  miles  high^  and  that 
of  Pallas  has  an  elevation:  of  465  miles.  These  must 
refract  the  light  and  prevent  the  radiation  of  heat  like 
our  own.  But  it  is  remarkable  that  not  a  trace  of 
atmosphere  can  be  perceived  in  Vesta  ;  and  that  Jupiter, 
Saturn^  and  Mars  have  very  little.  The  action  of  the 
sun's  rays  must  be  very  different  on  these  bodies  from 
what  it  is  on  the  earth,  and  the  heat  imparted  to  them 
quickly  lost  by  radiation ;  yet  it  is  impossible  to  esti- 
mate their  temperature,  since  the  cold  may  be  coun- 
teracted by  their  central  heat,  if,  as  there  is  reason  to 
presume,  they  have  originally  been  in  a  state  of  fusion, 
possibly  of  vapour.  The  attraction  of  the  earth  has 
probably  deprived  the  moon  of  hers ;  for  thi^  refractive 
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power  of  the  air,  at  the  surface  of  the  earth,  is  at  least 
a  thousand  times  as  great  as  the  refraction  at  the  surface 
of  the  moon.  The  lunar  atmosphere,  therefore,  must 
be  of  a  greater  degree  of  rarity  than  can  be  produced 
by  our  best  air-pumps ;  consequently  no  terrestrial 
animal  could  exist  in  it. 

The  sun  has  a  very  dense  atmosphere.  What  his 
body  may  be,  it  impossible  to  conjecture;  but  he 
seems  to  be  surrounded  by  a  mottled  ocean  of  flame, 
through  which  his  dark  nucleus  appears  like  black  spots, 
often  of  enormous  size.  These  spots  are  almost  always 
comprised  within  a  zone  of  the  sun's  surface,  whose 
breadth,  measured  on  a  solar  meridian,  does  not  extend 
beyond  30^°  on  each  side  of  his  equator,  though  they 
have  been  seen  at  the  distance  of  39^°-  From  their 
extensive  and  rapid  changes,  there  is  every  reason  to 
suppose  that  the  exterior  and  incandescent  part  of  the 
Sim  is  gaseous.  The  solar  rays  probably  arising  from 
chemical  processes  that  continually  take  place  at  his 
surface,  or  from  electricity,  are  transmitted,  through 
space,  in  all  directions ;  but,  notwithstanding  the  sun's 
magnitude,  and  the  inconceivable  heat  that  must  exist 
at  his  surface,  as  the  intensity  both  of  his  light  and  heat 
diminishes  as  the  square  of  the  distance  increases,  his 
kindly  influence  can  hardly  be  felt  at  the  boundaries  of 
our  system. 

The  direct  light  of  the  sun  has  been  estimated  to  be 
equal  to  that  of  556S  wax  candles  of  moderate  size, 
supposed  to  be  placed  at  the  distance  of  one  foot  from 
the  object.  That  of  the  moon  is  probably  only  equal  to 
the  light  of  one  candle  at  the  distance  of  twelve  feet. 
Consequently  the  light  of  the  sun  is  more  than  three 
hundred  thousand  times  greater  than  that  of  the  moon: 
Hence  the  light  of  the  inoon  either  imparts  no  heat,  or 
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it  is  too  feeble  to  penetrate  the  glass  of  the  thermomet^^ 
even  "when  brought  to  a  focus  by  a  mirror.  ^  The  inten- 
sity of  the  sun's  light  diminishes  from  the  centre  to 
the  circumference  of  the  solar  disc;  but  in  the  moon  the 
gradation  is  reversed. 

In  Uranus^  the  sun  must  be  seen  like  a  small  hut 
brilliant  star^  not  above  the  hundred  and  fiftieth  part 
so  bright  as  he  appears  to  us ;  but  that  is  2000  times 
brighter  than  our  moon^  so  that  he  is  really  a  sun  ta 
Uranus,  and  probably  imparts  some  degree  of  warmth. 
But  if  we  consider  that  water  would  not  remain  fluid 
in  any  part  of  M ars^  even  at  his  equator,  and  that  in 
the  temperate  zones  of  the  same  planet  even  alcohol 
and  quicksilver  would  freeze^  we  may  form  some  ides 
of  the  cold  that  must  reign  in  Uranus. 

The  climate  of  Venus  more  nearly  resembles  that  of 
the  earthy  though^  excepting  perhaps  at  her  poles,  much 
too  hot  for  animal  and  vegetable  life  as  they  exist  h»e : 
but  in  Mercury,  the  mean  heat  arising  only  from  the 
intensity  of  the  sun's  rays,  must  be  above  that  of  boil« 
ing  quicksilver,  and  water  would  boil  even  at  his  poles. 
Thus  the  planets,  though  kindred  with  the  earth  in 
motion  and  structure,  are  totally  unfit  for  the  habitation 
of  such  a  being  as  man. 

It  is  found  by  experience,  that  heat  is  developed  in 
opaque  and  translucent  substances  by  their  absorption  of 
solar  light,  but  that  the  sun's  rays  do  not  alter  the  tem- 
perature of  perfectly  transparent  bodies  through  which 
they  pass.  As  the  temperature  of  the  pellucid  planet- 
ary space  cannot  be  afiected  by  the  passage  of  the  gun*8 
light  and  heat,  neither  can  it  be  sensibly  raised  by  die 
heat  now  radiated  from  the  earth;  consequently  its  tem- 
perature must  be  invariable.  The  atmosphere,  on  the  con. 
iNoteSlO, 
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trtay,  gradui^j  increasing  in  density  towards  the  surface 
of  the  earthy  becomes  less  pellucid^  and  therefore  gradu- 
ally increases  in  tempainture,  both  from  the  direct  action 
of  the  sun,  and  from  the  radiation  of  the  earth.  Lambert 
had  proved  that  the  capacity  of  the  atmosphere  for  heat 
varies  according  to  the  same  law  with  its  capacity  for 
absorbii^  a  ray  of  light  passing  through  it  from  the 
zenith^  whence  M.  Svanberg  found  that  the  temperature 
of  space  is  58^  below  the  zero  point  of  Fahrenheit's 
thermometer.  From  other  researches,  founded  upon  the 
rate  and  quantity  of  atmospheric  refraction,  he  ob- 
tained a  result  whidi  only  differs  from  the  preceding 
by  half  a  degree.  M.  Fourier  has  arrived  at  nearly 
the  same  conclusion  from  the  law  of  the  radiation  of 
the  heat  of  the  terrestrial  spheroid,  on  the  hypothesis 
of  its  having  nearly  attained  its  limit  of  temperature 
in  cooling  down  from  its  supposed  primitive  state  of 
fusion.  The  difference  in  the  result  of  these  three 
methods,  totally  independent  of  one  another,  only 
amounts  to  the  fraction  of  a  degree. 

Doubtless,  the  radiation  of  all  the  bodies  in  the 
universe  maintains  the  ethereal  medium  at  a  higher 
temperature  than  it  would  otherwise  have,  and  must 
eventually  increase  it,  but  by  a  quantity  so  evanescent 
that  it  is  hardly  possible  to  conceive  a  time  when  a 
change  will  become  perceptible. 

Thus,  as  the  temperature  of  space  is  imiform,  it  fol- 
lows that  no  part  of  Uranus  can  experience  a  degree  of 
cold  more  than  90^  below  the  freezing  point  of  Fahren- 
heit;  which  only  exceeds  that  which  Sir  Edward  Parry 
suffered  one  day  at  Melville  Island  by  39, 

The  temperature  of  space  being  so  low,  it  becomes  a 
matter  of  no  small  interest  to  ascertain  whether  the 
^rth  may  not  be  ultimately  reduced  by  radiation  to 
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the  temperature  of  the  surrounding  medium ;  what  the 
sources  of  heat  are ;  and  whether  they  he  sufficient  to 
compensate  the  loss^  and  to  mamtain  the  earth  in  a 
state  fit  for  the  support  of  animal  and  yegetahle  life  in 
tune  to  come.  All  observations  that  have  been  made 
under  the  surface  of  the  ground  concur  in  proving^  that 
there  is  a  stratum  at  the  depth  of  from  40  to  100  feet 
throughout  the  whole  earthy  where  the  temperature  is 
invariable  at  all  times  and  seasons^  and  which  differs 
but  little  from  the  mean  annual  temperature  of  the 
country  above.  In  the  course  of  more  than  half  a 
century,  the  temperature  of  the  earth  at  the  depth  of 
90  feet  in  the  caves  of  the  Observatory  at  Paris,  has 
never  been  above  or  below  53°  of  Fahrenheit's  ther- 
mometer, which  is  only  2°  above  the  mean  annual  tem- 
perature at  Paris.  This  zone,  unaffected  by  the  sun's 
rays  from  above,  or  by  the  internal  heat  from  below, 
serves  as  an  origin  whence  the  effects  of  the  external 
heat  are  estimated  on  one  side,  and  the  internal  temper- 
ature of  the  globe  on  the  other. 

As  early  as  the  year  1740,  M.  Gensanne  discovered, 
in  the  lead  mines  of  Geromagny,  three  leagues  from 
Befort,  that  the  heat  of  the  ground  increases  with  the 
depth  below  the  zone  of  constant  temperature.  A  vast 
number  of  observations  have  been  made  since  that  time 
in  the  mines  of  Europe  and  America,  by  MM.  Saus- 
sure,  Daubuisson,  Humboldt,  Cordier,  Fox,  and  others, 
which  agree,  without  an  exception,  in  proving  that  the 
temperature  of  the  earth  becomes  higher  in  descending 
towards  its  centre.  The  greatest  depth  that  has  been 
attained  is  in  the  silver  mine  of  Guamaxato  in  Mexico, 
where  M.  de  Humboldt  found  a  temperature  of  9^^  at 
the  depth  of  285  fathoms ;  the  mean  annual  temper- 
ature of  the  country  being  only  6l°,     Next  to  that  is 
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the  Dalcoath  copper  mine  in  ComwaU^  where  Mr.  Fox's 
thermometer  stood  at  76®  in  a  hole  in  the  rock,  at  the 
depth  of  280  fathoms,  and  at  82°  in  water  at  the  depth 
of  240  fathoms,  the  mean  annual  temperature  at  the 
surface  being  about  50°.  But  it  is  needless  to  mul^ 
tiply  examples,  all  of  which  concur  in  showing  that 
there  is  a  very  great  difference  between  the  temperature 
in  the  interior  of  the  earth  and  at  its  surface.  Mr. 
Fox's  observations  on  the  temperature  of  springs,  which 
rise  at  profound  depths  in  mines,  afford  the  strongest 
testimony.  He  found  considerable  streams  flowing  into 
some  of  the  Cornish  mines  at  the  temperature  of  80°  or 
90°,  which  is  about  30°  or  40*  above  that  of  the  sur- 
face; and  also  ascertained  that  nearly  2,000,000 
gallons  of  water  are  daily  pumped  from  the  bottom  of 
the  Poldice  mine,  which  is  I76  fathoms  deep,  at  90°  or 
100°.  As  this  is  higher  than  the  warmth  of  the 
human  body,  Mr.  Fox  justly  observes,  that  it  amounts 
to  a  proof  that  the  increased  temperature  cannot  proceed 
from  the  persons  of  the  workmen  employed  in  the  mines* 
Neither  can  the  warmth  of  mines  be  attributed  to  the 
condensation  of  the  currents  of  air  which  ventilate  them. 
Mr.  Fox,  whose  opinion  is  of  high  authority  in  these 
matters,  states  that  even  in  the  deepest  mines  the  con- 
densation of  the  air  would  not  raise  the  temperature  more 
than  5°  or  6°,  and  that  if  the  heat  could  be  attributed  to 
this  cause,  the  seasons  would  sensibly  affect  the  temper- 
ature of  mines,  which  it  appears  they  do  not  where  the 
depth  is  great.  Besides,  the  Cornish  mines  are  generally 
ventilated  by  numerous  shafts  opening  into  the  galleries 
from  the  surface  or  from  a  higher  level.  The  air  cir- 
culates freely  in  these,  descending  in  some  shafts  and 
ascending  in  others.  In  all  cases,  Mr.  Fox  found  that 
the  upward  currents  are  of  a  higher  temperature  than 
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the  descend!^  cmrents ;  so  much  so,  that  in  winter  the 
moisture  is  oft/ea  frozen  in  the  latter  to  a  c(msiderable 
depth  ;  the  droulation  of  air,  dierefcHre,  t^ids  to  cool  the 
mine  instead  of  increasing  the  heat.  ^  Mr.  Fox  has  also 
removed  the  objections  arising  from  the  comparatively 
low  temperature  of  the  water  in  the  shafts  of  abandoned 
mines,  by  showing  that  observations  in  them,  from  a 
variety  of  circumstances  which  he  enumerates,  are  too 
discordant  to  furnish  any  conclusion  as  to  the  actual 
heat  of  the  eardi.  The  high  temperature  of  mines 
might  be  attoibuted  to  the  effects  of  the  fires,  candles^ 
and  gunpowder  used  by  the  miners,  did  not  a  similar 
increase  obtain  in  deep  wells  and  in  borings  to  great 
depths  in  search  of  water,  where  no  such  causes  of 
disturbance  occur.  In  a  well  dug  with  a  view  to  dis- 
cover salt  in  the  canton  of  Berne,  and  long  deserted^ 
M.  de  Saussure  had  the  most  complete  evidence  of  in* 
creasing  heat.  The  same  has  been  confirmed  by  the 
temperature  of  many  wells,  both  in  France  and  England^ 
especially  by  the  Artesian  wells,  so  named  from  a  pe« 
culiar  method  of  raising  water  first  resorted  to  in  Artois^ 
and  since  become  very  generaL  An  Artesian  well  con- 
sists of  a  shaft  of  a  few  inches  in  diameter,  bored  into 
the  earth  till  a  spring  is  found.  To  prevent  the  water 
being  carried  ofi*  by  the  adjacent  strata,  a  tube  is  let 
down  which  exactly  fills  the  bore  from  top  to  bottom, 
in  which  the  water  rises  pure  to  the  surface.  It  is 
clear  the  water  could  not  rise  unless  it  had  previously 
descended  from  high  ground  through  the  interior  of  the 
earth  to  the  bottom  of  the  well.  It  partakes  of  th^ 
temperature  of  the  strata  through  which  it  passes,  and 
in  every  instance  has  been  warmer  in  proportion  to  the 
depth  of  the  well ;  but  it  is  evident  that  the  law  of  in- 
crease cannot  be  obtained  in  this  manner.     Perhaps  the 
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most  satisfactory  experiments  on  record  are  those  made 
bj  MM.  August  de  la  Ri^e  and  F.  Marcet  during  the 
year  18S3,  in  a  boring  for  water  about  a  league  fh>m 
Geneva,  at  a  place  318  feet  above  the  level  of  the  lake. 
The  depth  of  the  bore  was  7^7  feet,  and  the  dia. 
meter  only  between  four  and  five  inches.  No  spring 
was  ever  foand,  but  the  shaft  filled  widi  mud,  from  the 
moisture  of  the  ground  mixing  with  the  earth  dis-» 
placed  in  boring,  which  was  peculiarly  favourable  for 
the  experiments,  as  the  temperature  at  each  depth  may 
be  considered  to  be  that  of  the  particular  stratum.  In 
this  case,  where  none  of  the  ordinary  causes  of  disturb, 
ance  could  exist,  and  where  every  precaution  was  em* 
t^yed  by  scientific  and  experienced  di)8ervers,  the 
temperature  was  found  to  increase  regulariy  and  uni-* 
tonnlj  with  the  depth  at  the  rate  of  about  1^  of 
Fahrenheit  for  every  52  feet.  Thoi^h  tiiere  can  be 
no  doubt  as  to  the  increase  of  temperature  in  pene-> 
trating  the  crust  of  the  earth,  there  is  mudi  uncertainty 
as  to  tiie  law  of  increase,  which  varies  with  the  nature 
of  the  soil  and  other  local  circumstances ;  but,  on  an 
average,  it  has  been  estimated  at  the  rate  of  1^  for  every 
40  or  50  feet,  which  correspondi  with  the  observations 
of  MM.  Marcet  and  De  la  Rive. 

It  is  hardly  to  be  expected  that  any  information  with 
regard  to  the  internal  temperature  of  the  earth  should 
be  obtained  from  that  of  the  ocean,  on  account  of  the 
mobility  of  fluids,  by  which  the  odder  masses  sink 
downwards,  while  those  that  are  warmer  rise  to  the  sur- 
face. Neverthekss  it  may  be  stated,  that  the  temper, 
ature  of  the  sea  decreases  with  the  depth,  between  the 
tropics ;  while,  on  the  contrary,  all  our  northern  navi- 
ff^Ts  found  that  the  temperature  increases  with  the 
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depth,  in  the  polar  seas.     The  change  takes  place  ahout 
the  70th  parallel  of  latitude. 

Should  the  earth's  temperature  increase  at  the  rate  of 
1°  every  50  feet,  it  is  dear  that  at  the  depth  of  200 
jniles  the  hardest  substances  must  be  in  a  state  of 
fusion^  and  our  globe  must,  in  that  case,  be  a  baU  of 
liquid  fire  7^00  miles  in  diameter,  enclosed  in  a  thin 
coating  of  solid  matter;  for  200  miles  are  nothing  when 
compared  with  the  size  of  the  earth.  No  doubt  the 
form  of  the  earth,  as  determined  by  the  pendulum  and 
arcs  of  the  meridian,  as  well  as  by  the  motions  of  the 
moon,  indicates  original  fluidity  and  a  subsequent  con- 
solidation and  reduction  of  temperature  by  radiation ; 
but  whether  this  really  was  the  primitive  condition  of 
our  planet,  and  whether  the  law  of  increasing  tempera- 
,  ture  is  uniform  at  still  greater  depths  than  those  already 
attained  by  man,  it  is  impossible  to  say.  At  all  events, 
internal  fluidity  is  not  inconsistent  with  the  present 
state  of  the  earth's  surface,  since  earthy  matter  is  as 
bad  a  conductor  of  caloric  as  lava,  which  often  retains, 
its  heat. at  a  very  little  depth  for  years  after  its  surface 
is  cool.  Whatever  the  radiation  of  the  earth  might 
have  been  in  former  times,  certain  it  is  that  it  goes  on 
very  slowly  in  our  days ;  for  M.  Fourier  has  computed 
that  the  central  heat  is  decreasing  from  radiation  by 
only  about  the  -jiy^iny^  P^^^  ^^  ^  second  in  a  century. 
If  so,  there  can  be  no  doubt  that  it  will  ultimately  be 
dissipated ;  but,  as  far  as  regards  animal  and  vegetable 
life,  it  is  of  very  little  consequence  whether  the  centre 
of  our  planet  be  liquid  fire  or  ice,  since  its  condition  in. 
either  case  could  have  no  sensible  effect  on  the  climate 
at  its  surface.  The  internal  fire  does  not  even  impart 
heat  enough  to  melt  the  snow  at  the  poles,  though  so 
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much  nearer  to  the  centre  than  any  other  part  of  the 
glohe. 

The  immense  extent  of  active  volcanic  fire  is  one  of 
the  causes  of  heat  which  must  not  he  overlooked. 

The  range  of  the  Andes  from  Chili  to  the  north  of 
Mexico^  probably  from  Cape  Horn  to  California^  or 
even  to  New  Madrid  in  the  United  States,  is  one  vast 
district  of  igneous. action,  including  the  Caribbean  Sea 
and  the  West  Indian  islands  on  one  hand ;  and  stretch- 
ing quite  across  the  Pacific  Ocean,  through  the  Poly«- 
nesian  Archipelago,  the  New  Hebrides,  the  Georgian 
and  Friendly  Islands,  on  the  other.  Another  chain 
begins  with  the  Aleutian  Islands,  extends  to  Kamt. 
schatka,  and  from  thence  passes  through  the  Kurile^ 
Japanese,  and  PhiUppine  Islands  to  the  Moluccas, 
whence  it  spreads,  with  terrific  violence,  through  the 
Indian  Archipelago,  even  to  the  Bay  of  Bengal.  Vol- 
canic action  may  again  be  followed  from  the  entrance 
of  the  Persian  Gulf,  to  Madagascar,  Bourbon,  the  Ca- 
naries, and  Azores.  Thence  a  continuous  igneous 
region  extends  through  about  1000  geographical  miles 
to  the  Caspian  Sea,  including  the  Mediterranean,  and 
extending  north  and  south  between  the  35th  and  40tb 
parallels  of  latitude.  In  Central  Asia,  a  volcanic  region 
occupies  2500  square  geographical  miles,  and  to  these 
may  be  added  Iceland,  within  25  degrees  of  the  pole* 
Throughout  this  vast  portion  of  the  world,  the  subter. 
raneous  fire  is  often  intensely  active,  producing  such 
violent  earthquakes  and  irruptions,  that  their  efiects, 
accumulated  during  millions  of  years,  may  account  for 
ihe  great  geological  changes  of  igneous  origin  that  have 
already  taken  place  in  the  earth,  and  may  occasion 
others  not  less  remarkable,  should  time  — that  essential 


y  Google 


^2  YOXiCANIG    ACTK»7.  SECT.  XXT. 

element  in  the  Yidfldtudes  of  the  globe— be  granted, 
and  their  energy  last. 

Mr.'  Lyell^  who  has  shown  the  power  of  existing 
causes  with  great  ingenuity^  estimates  that^  on  an  aver- 
age^ twenty  irruptions  take  place  annually  in  different 
parts  of  the  world ;  and  many  must  occur^  or  have 
happened^  even  on  the  most  extensive  and  awful  scale^ 
among  people  equally  incapaUe  of  estimating  their 
efi^ts  and  of  recOTding  them.  We  should  never  have 
known  the  extent  of  the  fearful  irruption  which  took 
place  in  the  idand  of  Sumbawa^  in  1815^  but  for  the 
accident  of  Sir  Stamford  Raffles  having  been  governcn: 
of  Java  at  the  time.  It  began  on  the  5th  of  Aprils  and 
did  not  entirely  cease  till  July.  The  ground  was 
shaken  through  an  area  of  1000  English  miles  in  cir- 
cumference; the  tremors  were  felt  in  Java^  the  Mo- 
luccas^ a  great  part  of  Celebes,  Sumatra,  and  Borneo. 
The  detonations  were  heard  in  Sumatra,  at  the  distance 
of  970  geographical  miles  in  a  straight  line,  and  at 
Ternate,  720  miles  in  the  opposite  direction.  The 
most  dreadful  whirlwinds  carried  men  and  cattle  into 
the  air,  and,  with  the  exception  of  26  persons,  the 
whole  population  of  the  island  perished,  to  the  amount 
of  12,000.  Ashes  were  carried  SOO  miles,  to  Java,  in 
such  quantities,  tlmt  the  darkness,  during  the  day,  was 
more  profound  than  ever  had  been  witnessed  in  the 
most  obscure  night.  The  face  of  the  country  was 
changed  by  the  streams  of  lava,  the  upheaving  and 
the  sinking  of  the  soil.  The  town  of  Tomboro  was 
submerged,  and  water  stood  to  the  depth  of  18  feet 
in  places  which  had  been  dry  land.  Ships  grounded 
where  they  had  previously  anchored,  and  could  hardly 
penetrate  the  mass  of  cinders  which  floated  on  the  sur- 
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fece  of  the  sea  for  several  miles  to  the  depth  of  two  feet. 
A  catastrophe  similar  to  this,  though  of  less  magnitude, 
took  place  in  the  island  of  Bali  in  1808,  which  was 
not  heard  of  in  Europe  till  years  afterwards.  Many 
volcanos,  supposed  to  be  extinct,  have  all  at  once  burst 
out  with  inconceivable  violence.  Witness  Vesuvius,  on 
historical  record ;  and  the  volcano  in  the  island  of  St. 
Vincent  in  our  own  days,  whose  crater  was  lined  with 
large  trees,  and  which  had  not  been  active  in  the  memory 
of  man.  Vast  tracts  are  of  volcanic  origin,  where  volcanos 
have  ceased  to  exist  for  ages.  Whence  it  may  be  in- 
ferred, that  in  some  places  the  subterraneous  fires  are  in 
the  highest  state  of  activity,  in  some  they  are  inert,  and 
iir  others  they  appear  to  be  extinct.  Yet  there  are  few 
countries  that  are  not  subject  to  earthquakes  of  greater 
or  less  intensity;  the  tremors  are  propagated  like  a 
sonorous  undulation  to  such  distances,  that  it  is  impos- 
sible to  say  in  what  point  they  ori^nate.  In  some 
recent  instances,  their  power  must  have  been  tremendous. 
In  South  America,  so  lately  as  1822,  an  area  of  100,000 
square  miles,  which  is  equal  in  extent  to  the  half  of 
France,  was  raised  several  feet  above  its  present  level ;  a 
most  able  account  of  which  is  given  in  the  ^^  Transactions 
of  the  Greological  Society,"  by  an  esteemed  friend  of  the 
author's,  Mrs.  Graham,  now  Mrs.  Callcott,  who  was 
present  during  the  whole  time  of  that  formidable  earth- 
quake, which  recurred  at  short  intervals  for  more  than 
two  months,  and  who  possesses  talents  to  appreciate, 
and  had  opportunities  of  observing  its  effects  under  the 
most  favourable  circumstances  at  Valparaiso,  and  for 
miles  along  the  coast,  where  it  was  most  intense.  In 
1819,  a  ridge  of  land  stretching  for  50  miles  across 
the  delta  of  the  Indus,  l6  feet  broad,  was  raised  10 
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feet  above  the  plain  ;  yet  the  account  of  this  marvel- 
lous event  was  only  brought  to  Europe  last  year  by 
Captain  Bumes.  The  reader  is  referred  to  Mr.  Lyell's 
very  excellent  work  on  geology,  already  mentioned^  fmr 
most  interesting  details  of  the  phenomena  and  extensive 
effects  of  volcanos  and  earthquakes  too  numerous  to  find 
a  place  here.  It  may^  however^  be  mentioned^  that 
innumerable  earthquakes  are  from  time  to  time  shaking 
the  solid  crust  of  the  globe^  and  carrying  destruction  to 
distant  regions^  progressively  though  slowly  accomplish- 
ing the  great  work  of  change.  These  terrible  engines 
of  ruin^  fitful  and  uncertain  as  they  may  seem^  must, 
like  all  durable  phenomena^  have  a  law^  which  may  in 
time  be  discovered  by  long-continued  and  accurate  ob- 
servations. 

The  shell  of  volcanic  fire  that  girds  the  gbbe  at  a 
small  depth  below  our  feet^  has  been  attributed  to  three 
different  causes.  By  some  it  is  supposed  to  originate 
in  an  ocean  of  incandescent  matter^  still  existing  in  the 
central  abyss  of  the  earth.  Some  conceive  it  to  be 
superficial^  and  due  to  chemical  action  in  strata  at  no 
very  great  depth  when  compared  with  the  size  of  the 
globe.  The  more  so^  as  matter  on  a  most  extensive 
scale  is  passing  from  old  into  new  combinations^  which^ 
if  rapidly  effected^  are  capable  of  producing  the  most 
intense  heat.  According  to  others^  electricity,  which 
is  so  universally  diffused  in  all  its  forms  throughout 
the  earth,  if  not  the  immediate  cause  of  the  volcanic 
phenomena,  at  least  determines  the  chemical  affinities 
that  produce  them.  It  is  clear  that  a  subject  so  in- 
volved in  mystery  must  give  rise  to  much  speculation^ 
in  which  every  hypothesis  is  attended  with  difficulties 
that  observation  alone  can  remove.  But  to  whatever 
cause  the  increasing  heat  of  the  earth  and  the  sub- 
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terranean  fires  may  ultimately  be  referred^  it  is  certain 
that^  except  in  some  local  instances^  they  have  no  sen^ 
sible  effect  on  the  temperature  of  its  surface.  It  may^ 
therefore^  be  concluded,  that  the  heat  of  the  earth 
above  the  zone  of  umfbrm  temperature  is  entirely  owing 
to  the  sun. 

The  power  of  the  solar  rays  depends  much  upon  the 
manner  in  which  they  fall^  as  we  readily  perceive  from 
the  different  climates  on  our  globe.  In  winter,  the 
earth  is  nearer  the  sun  by  about  -3^^  than  in  summer, 
but  the  rays  strike  the  northern  hemisphere  more  ob- 
liquely in  winter  than  in  the  other  half  of  the  year. 

M.  Pouillet  has  estimated  with  singular  ingenuity, 
from  a  series  of  observations  made  by  himself,  that  the 
whole  quantity  of  heat  which  the  earth  receives  an- 
nually  from  the  sun,  is  such  as  would  be  sufficient  to 
melt  a  stratum  of  ice  covering  the  whole  globe  46  feet 
deep.  Part  o£  this  heat  is  radiated  back  into  space; 
but  by  far  the  greater  part  descends  into  the  earth 
during  the  summer,  towards  the  zone  of  uniform  tern, 
perature,  whence  it  returns  to  the  surface  in  the  course 
of  the  winter,  and  tempers  the  cold  of  the  ground 
and  the  atmosphere  in  its  passage  to  the  ethereal  re- 
gions, where  it  is  lost,  or  rather  where  it  combines  with 
the  radiation  from  the  other  bodies  of  the  universe 
in  maintaining  the  temperature  of  space.  The  sun's 
power  being  greatest  between  the  tropics,  the  caloric 
sinks  deeper  there  than  elsewhere,  and  the  depth  gra-* 
dually  diminishes  towards  the  poles;  but  the  heat  is 
also  transmitted  laterally  from  the  warmer  to  the  colder 
strata  north  and  south  of  the  equator,  and  aids  in  tem- 
pering the  severity  of  the  polar  regions. 

The  mean  heat  of  the  earth  above  the  stratum 
T  2 
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of  constant  temperature  is  determined  from  that  of 
springs;  and  if  the  spring  be  on  elevated  ground^  the 
temperature  is  reduced  by  computation  to  what  it 
would  be  at  the  level  of  the  sea^  assuming  that  the 
heat  of  the  soil  varies  according  to  the  same  law  as  the 
heat  of  the  atmosphere^  which  is  about  1^  of  Fahren- 
heit's thermometer  for  every  333*7  feet.  From  a  com- 
parison of  the  temperature  of  numerous  springs  with 
that  of  the  air^  Sir  David  Brewster  concludes  that  there 
is  a  particular  line  passing  nearly  through  Berlin^  at 
which  the  temperature  of  springs  and  that  of  the  atmo- 
sphere coincide ;  that  in  approaching  the  Arctic  Cirde 
the  temperature  of  springs  is  always  higher  than  that  of 
the  air^  while  proceeding  towards  the  equator  it  is  lower. 

Since  the  warmth  of  the  superficial  strata  of  the 
earth  decreases  from  the  equator  to  the  poles^  there  are 
many  places  in  both  hemispheres  where  the  ground  has 
the  same  mean  temperature.  If  lines  were  drawn 
through  all  those  points  in  the  upper  strata  of  the 
globe  which  have  the  same  mean  annual  temperature^ 
they  would  be  nearly  parallel  to  the  equator  between  the 
tropics^  and  would  become  more  and  more  irr^ular  and 
sinuous  towards  the  poles.  These  are  called  isogeother- 
mal  lines.  A  variety  of  local  circumstances  disturb 
their  parallelism^  even  between  the  tropics. 

The  temperature  of  the  ground  at  the  equator  is 
lower  on  the  coasts  and  islands  than  in  the  interior 
of  continents ;  the  warmest  part  is  in  the  interior  of 
Africa^  but  it  is  obviously  affected  by  the  nature  of  the 
soil^  especially  if  it  be  volcanic. 

Much  has  been  done  within  a  few  years  to  ascertain 
the  manner  in  which  heat  is  distributed  over  the  surface 
of  our  planet^  and  the  variations  of  climate ;  which  in  a 
general  view  mean  every  change  of  the  atmosphere^  such 
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as  of  temperature,  humidity,  variations  of  barometric 
pressure,  purity  of  air,  the  serenity  of  the  heavens,  th6 
effects  of  winds,  and  electric  tension.  Temperature  de- 
pends upon  the  property  which  all  bodies  possess,  more 
or  less,  of  perpetually  absorbing  and  emitting  or  radi- 
ating heat.  When  the  interchange  is  equal,  the  tem- 
perature of  a  body  remains  the  same;  but  when  the 
radiation  exceeds  the  absorption,  it  becomes  colder,  and 
vice  versd.  In  order  to  determine  the  distribution  of 
heat  over  the  surface  of  the  earth,  it  is  necessary  to 
find  a  standard  by  which  the  temperature  in  different 
latitudes  may  be  compared.  For  that  purpose,  it  is 
requisite  to  ascertain  by  experiment  the  mean  temper- 
ature of  the  day,  of  the  month,  and  of  the  year,  at  as 
many  places  as  possible  throughout  the  earth.  The 
annual  average  temperature  may  be  foimd  by  adding 
the  mean  temperatures  of  all  the  months  in  the  year, 
and  dividing  the  sum  by  12.  The  average  of  ten 
or  fifteen  years  will  give  it  with  tolerable  accuracy ;  for, 
although  the  temperature  in  any  place  may  be  subject 
to  very  great  variations,  yet  it  never  deviates  more  than 
a  few  degrees  from  its  mean  state,  which  consequently 
offers  a  good  standard  of  comparison. 

If  climate  depended  solely  upon  the  heat  of  the  sun, 
all  places  having  the  same  latitude  would  have  the  same 
mean  annual  temperature.  The  motion  of  the  sun  in 
the  ecliptic,  indeed,  occasions  perpetual  variations  in  the 
length  of  the  day,  and  in  the  direction  of  the  rays  with 
regard  to  the  earth ;  yet,  as  the  cause  is  periodic,  the 
mean  annual  temperature  from  the  sun's  motion  alone 
must  be  constant  in  each  parallel  of  latitude.  For  it  is 
evident  that  the  accmnulation  of  heat  in  the  long  days 
of  summer,  which  is  but  little  diminished  by  radiation 
during  the  short  nights,  is  balanced  by  the  small  quan- 
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tity  of  heat  received  during  the  short  days  in  winter, 
and  its  radiation  in  the  lotig  frosty  and  clear  nights. 
In  fact,  if  the  glohe  were  every  where  on  a  level  with 
the  surface  of  the  sea,  and  of  uniform  suhstance, 
so  as  to  ahsorh  and  radiate  heat  equally,  the  mean 
heat  of  the  sun  would  he  regularly  distrihuted  over  its 
surface  in  zones  of  equal  annual  temperature  parallel 
to  the  equator,  from  which  it  would  decrease  to  each 
pole  as  the  square  of  the  cosine  of  the  latitude ;  and 
its  quantity  would  only  depetid  upon  the  altitudes  of 
the  sun,  and  atmospheric  currents.  The  distribution 
of  heat,  however,  in  the  same  parallel,  is  very  irre- 
gular in  all  latitudes,  except  between  the  tropics,  where 
the  isothermal  lines,  or  the  lines  passing  through  places 
of  equal  mean  annual  temperature,  are  more  nearly 
parallel  to  the  equator.  The  causes  of  disturbance  are 
very  numerous ;  but  such  as  have  the  greatest  influence, 
according  to  M.  De  Humboldt,  to  whom  we  are  indebted 
for  the  greater  part  of  what  is  known  on  the  subject,  are 
the  elevation  of  the  continents,  the  distribution  of  land 
and  water  over  the  surface  of  the  globe,  exposing  differ- 
ent absorbing  and  radiating  powers;  the  variations  in 
the  surface  of  the  land,  as  forests,  sandy  deserts,  ver- 
dant plains,  rocks,  &c. ;  mountain-chains  covered  with 
masses  of  snow,  which  diminish  the  temperature ;  the 
reverberation  of  the  sun's  rays  in  the  valleys,  which  in- 
creases it ;  and  the  interchange  of  currents,  both  of  air 
and  water,  which  mitigate  the  rigour  of  climates  ;  the 
warm  currents  from  the  equator  softening  the  severity 
of  the  polar  frosts,  and  the  cold  currents  from  the  poles 
tempering  the  intense  heat  of  the  equatorial  regions. 
To  these  may  be  added  cultivation,  though  Its  influence 
extends  over  but  a  small  portion  of  the  globe,  only  a 
fourth  part  of  the  l^nd  being  inhabited. 
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Temperature  does  not  vary  so  much  with  latitude 
as  with  the  hdght  above  the  level  of  the  sea ;  the  de- 
crease is  more  rapid  in  the  higher  strata  of  the  atmo- 
sphere than  in  the  lower^  because  they  are  farther  re- 
moved from  the  radiation  of  the  earthy  and  being  highly 
rarefied^  the  heat  is  diffused  through  a  larger  space.  A 
portion  of  air  at  the  surface  of  the  earthy  whose  temper- 
ature is  70^  of  Fahrenheit^  if  carried  to  the  height  of 
two  miles  and  a  half^  would  expand  so  much  that  its 
temperature  would  be  reduced  50^  ;  and  in  the  ethereal 
r^ons  the  temperature  is  90^  below  the  point  of  con- 
gelation. 

The  height  at  which  snow  lies  perpetually^  decreases 
from  the  equator  to  the  poles^  and  is  higher  in  summer 
than  in  winter ;  but  it  varies  irom  many  circumstances. 
Snow  rarely  falls  when  the  cold  is  intense  and  the  at- 
mosphere dry.  Extensive  forests  produce  moisture  by 
their  evaporation^  and  high  table-lands^  on  the  contrary^ 
dry  and  warm  the  air.  In  the  Cordilleras  of  the  Andes, 
plains  of  only  twenty-five  square  leagues  raise  the  tem- 
perature as  much  as  3^  or  4^  above  what  is  found  at 
the  same  altitude  on  the  rapid  declivity  of  a  mountain, 
consequently  the  line  of  perpetual  snow  varies  accord- 
ing as  one  or  other  of  these  causes  prevails.  Aspect 
has  also  a  great  influence.  The  line  of  perpetual 
snow  is  much  higher  on  the  southern  than  on  the 
northern  side  of  the  Himalaya  mountains.  On  the 
whole  it  appears  that  the  mean  hdght  between  the 
tropics  at  which  the  snow  lies  perpetually  is  about 
15,207  feet  above  the  level  of  the  sea;  whereas  snow 
does  not  cover  the  groimd  continually  at  the  level  of  the 
ocean  till  near  the  north  pole.  In  the  southern  hemi- 
sphere, however,  the  cold  is  greater  than  in  the  northern. 
In  Sandwich  land,  between  the  54th  and  58th  degrees 
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of  latitude^  perpetual  snow  and  ice  extend  to  the 
beach ;  and  in  the  island  of  St.  Greorge's^  in  the  53d 
d^ree  of  south  latitude^  which  corresponds  with  the 
latitude  of  the  central  counties  of  England^  perpetual 
snow  descends  eren  to  the  level  of  the  ocean.  It 
has  been  shown  that  this  excess  of  cold  in  the 
southern  hemisphere  cannot  be  attributed  to  the  winter 
being  longer  than  ours  by  7J  days.  It  is  probably 
owing  to  the  open  sea  round  the  south  pole^  which 
permits  the  icebergs  to  descend  to  a  lower  latitude  by 
10^  than  they  do  in  the  northern  hemisphere^  on  ac- 
count of  the  numerous  obstructions  opposed  to  them 
by  the  islands  and  continents  about  the  north  pole. 
Icebergs  seldom  float  farther  to  the  south  than  the 
Azores ;  whereas  those  that  come  from  the  south  pole 
descend  as  far  as  the  Cape  of  Good  Hope^  and  occasion 
a  continual  absorption  of  heat  in  melting. 

The  influence  of  mountain-chains  does  not  wholly 
depend  upon  the  line  of  perpetual  congelation.  They 
attract  and  condense  the  vapours  floating  in  the  air>  and 
send  them  down  in  torrents  of  rain.  They  radiate  heat 
into  the  atmosphere  at  a  lower  elevation^  and  increase 
the  temperature  of  the  valleys  by  the  reflection  of  the 
sun's  rays^  and  by  the  shelter  they  afford  against  pre- 
vailing winds.  But^  on  the  contrary,  one  of  the  most 
general  and  powerful  causes  of  cold  arising  from  the 
vicinity  of  mountains,  is  the  freezing  currents  of  wind 
which  rush  from  their  lofty  peaks  along  the  rapid  de- 
clivities, chilling  the  surrounding  valleys :  such  is  the 
cutting  north  wind  called  the  bise  in  Switzerland. 

Next  to  elevation,  the  difference  in  the  radiating  and 
absorbing  powers  of  the  sea  and  land  has  the  greatest 
influence  in  disturbing  the  regular  distribution  of  heat. 
The  extent  of  the  dry  land  is  not  above  the  fourth  part 

Digitized  by  VjOOQIC 


fiOECT.  XXV.     "      EPPBCTS   OF   THE   OCEAN.     "  281 

of  that  of  the  ocean^  so  that  the  general  temperature  of 
the  atmosphere^  regarded  as  the  result  of  the  partial 
temperatures  of  the  whole  surface  of  the  globe^  is  most 
powerfully  modified  hy  the  sea.  Besides^  the  ocean  acts 
more  uniformly  on  the  atmosphere  than  the  diversified 
surface  of  the  solid  mass  does^  hoth  hy  the  equality  of 
its  curvature  and  its  homogeneity.  In  opaque  suhstances 
the  accumulation  of  heat  is  confined  to  the  stratum 
nearest  the  surface.  The  seas  hecome  less  heated  at 
iheir  surface  than  the  land^  because  the  solar  rays,  be- 
fore being  extinguished,  penetrate  the  transparent  liquid 
to  a  greater  depth,  and  in  greater  numbers  than  in  the 
opaque  masses.  On  the  other  hand,  water  has  a  con- 
siderable radiating  power,  which,  together  with  evapor. 
ation,  would  reduce  the  surface  of  the  ocean  to  a  very 
low  temperature,  if  the  cold  particles  did  not  sink  to 
the  bottom,  on  account  of  their  superior  density*  The 
seas  preserve  a  considerable  portion  of  the  heat  they 
receive  in  summer,  and,  from  their  saltness,  do  not 
freesse  so  soon  as  fresh  water.  So  that,  in  consequence  of 
all  these  circumstances,  the  ocean  is  not  subject  to  such 
variations  of  heat  as  the  land ;  and,  by  imparting  its 
temperature  to  the  winds,  it  diminishes  the  rigor  of 
climate  on  the  coasts  and  in  the  islands,  which  are 
never  subject  to  such  extremes  of  heat  and  cold  as  are 
experienced  in  the  interior  of  continents,  though  they 
are  liable  to  fogs  and  rain  from  the  evaporation  of  the 
adjacent  seas.  On  each  side  of  the  equator,  to  the  4$th 
degree  of  latitude,  the  surface  of  the  ocean  is  in  general 
warmer  than  the  air  above  it.  The  mean  of  the  difi^er- 
ence  of  temperature  at  noon  and  midnight  is  about 
1*^*37,  the  greatest  deviation  never  exceeding  from 
0°'36  to  2°*l6,  which  is  much  cooler  than  the  air  over 
the  land. 
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On  land  die  temperature  depends  upon  the  nature  of 
die  soil  and  its  products^  its  habitual  moisture  or  dry- 
ness. From  the  eastern  extremity  of  the  Sahara  desert 
quite  across  Africa^  the  s<»l  is  almost  entirely  barren 
sand^  and  the  Sahara  desert  itself,  witiiout  including 
Dafour  or  Dongola^  extends  over  an  area  of  194>00O 
sqfuare  leagues^  equal  to  twice  the  area  of  the  Mediterranean 
Sea^  and  raises  the  temperature  of  the  air  by  radiation 
from  90°  to  100®,  which  must  hare  a  most  extensive  in- 
fluence. On  the  contrary,  vegetation  cools  the  air  by 
evaporation  and  the  apparent  radiation  of  cold  from  tiie 
leaves  of  plants,  because  they  absorb  more  caloric  than 
tiiey  give  out.  The  graminiferous  plains  of  South 
America  cover  an  extent  ten  times  greater  than  France, 
occupying  no  less  than  about  50,000  square  leagues, 
which  is  more  than  the  whole  chain  of  the  Andes,  and 
all  the  scattered  mountain.groups  of  Brazil.  These, 
together  with  the  plains  of  North  America  and  the 
steppes  of  Europe  and  Asia,  must  have  an  extensive 
cooUng  effect  on  the  atmosphere,  if  it  be  considered 
that,  in  calm  and  serene  nights,  they  cause  tiie  ther- 
mometer to  descend  12®  or  14®,  and  that,  in  the  mea- 
dows and  heaths  in  England,  the  absorption  of  heat  by 
the  grass  is  sufficient  to  cause  the  temperature  to  sink 
to  the  point  of  congelation  during  the  night  for  ten 
montiis  in  the  year.  Forests  cool  the  air  also,  by 
shading  tiie  ground  from  the  rays  of  tiie  sun,  and  by 
evaporation  from  tiie  boughs.  Hales  found  that  the 
leaves  of  a  single  plant  of  heliantiius,  three  feet  higfa^ 
exposed  nearly  forty  feet  of  surface;  and  if  it  be 
considered  that  the  woody  regions  of  tiie  river  Amazons, 
and  the  higher  part  of  the  Oroonoko^  occupy  an  area  of 
260,000  square  leagues,  some  idea  may  be  formed  of 
the  torrents  of  vapour  which  arise  from  tiie  leaves  of 
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the  forests  all  over  the  globe.  However,  the  frigorific 
effects  of  their  evaporation  are  counteracted  in  some 
measure  by  the  perfect  calm  whidi  reigns  in  the  trojocal 
wilderaesses.  The  innumerable  rivers,  lakes,  pook,  and 
marshes  interspersed  through  the  continents  absorb 
caloric,  and  cool  the  air  by  evaporation ;  but  on  account 
of  the  chilled  and  dense  particles  sinking  to  the  bottom, 
deep  water  diminishes  the  cold  of  winter,  so  long  as  ice 
is  not  formed. 

In  consequence  of  the  difference  in  the  radiating 
and  absorbing  powers  of  the  sea  and  land,  their  con- 
figuration greatly  modifies  the  distribution  of  heat  ov^ 
the  surface  of  the  globe.  Under  the  equator,  only  one 
sixth  part  of  the  circumference  is  land ;  and  the  super- 
ficial extent  of  land  in  the  northern  and  southern 
hemispheres  is  in  the  proportion  of  three  to  one.  The 
efiect  of  this  unequal  division  is  greater  in  the  temperate 
than  in  the  torrid  zones,  for  the  area  of  land  in  the 
northern  temperate  zone  is  to  that  in  the  southern  as 
thirteen  to  one,  whereas  the  proportion  of  land  between 
the  equator  and  each  tropic  is  as  &ye  to  four.  It  iil 
a  curious  fact,  noticed  by  Mr.  Gardner,  that  only  one 
twenty-seventh  part  of  the  land  of  the  globe  has  land 
diametrically  opposite  to  it.  This  disproportionate  ar- 
rangement of  the  sdid  part  of  the  globe  has  a  powerful 
influence  on  the  temperature  of  the  southern  hemisphere. 
But,  besides  these  greater  modifications,  the  peninsulas, 
promontories,  and  capes,  running  out  into  the  ocean, 
together  with  bays  and  internal  seas,  all  affect  tem- 
perature. To  these  may  be  added,  the  position  of 
continental  masses  with  regard  to  the  cardinal  points. 
All  these  diversities  of  land  and  water  influence  t«n« 
perature  by  the  agency  of  the  winds.  On  this  account 
the  temperature  is  lower  on  the  eastern  coasts,  both  of 
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the  New  and  Old  World,  than  on  the  western  ;  for, 
considering  Europe  as  an  island,  the  general  temperature 
is  mild  in  proportion  as  the  aspect  is  open  to  the  western 
ocean,  the  superficial  temperature  of  which,  as  far  north  as 
the  45th  and  50th  degrees  of  latitude,  does  not  fall  hdow 
48°or51°of  Fahrenheit,  even  in  themiddle  of  winter.  On 
the  contrary,  the  cold  of  Russia  arises  from  its  exposure 
to  the  northern  and  eastern  winds.  But  the  European 
part  of  that  empire  has  a  less  rigorous  climate  than  the 
Asiatic,  because  the  whole  northern  extremity  of  Europe 
is  separated  from  the  polar  ice  by  a  zone  of  open  sea, 
whose  winter  temperature  is  much  above  that  of  a  con. 
tinental  country  under  the  same  latitude. 

The  interposition  of  the  atmosphere  modifies  all  the 
effects  of  the  sun's  heat  The  earth  commi^nicates  its 
temperature  so  slowly,  that  M.  Arago  has  occasionally 
found  as  much  as  from  14°  to  18°  of  difference  between 
the  heat  of  the  soil  and  that  of  the  air  two  or  three 
inches  above  it. 

The  circumstances  which  have  been  enumerated, 
and  many  more,  concur  in  disturbing  the  regular  dis. 
tribution  of  heat  over  the  globe,  and  occasion  number- 
less local  irregularities.  Nevertheless  the  mean  annual 
temperature  becomes  gradually  lower  from  the  equator 
to  the  poles.  But  the  diminution  of  mean  heat  is  most 
rapid  between  the  40th  and  45th  degree  of  latitude^ 
both  in  Europe  and  America,  which  accords  perfectly 
with  theory,  whence  it  appears,  that  the  variation  in 
the  square  of  the  cosine  of  the  latitude  ^  which  expresses 
the  law  of  the  change  of  temperature,  is  a  maximum 
towards  the  45th  degree  of  latitude.  The  mean  annual 
temperature  under  the  line  in  America  is  about  81-^^ 

>  Note  121. 
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of  Fahrenheit ;  in  Africa  it  is  said  to  be  nearly  83^. 
The  difference  probably  arises  from  the  winds  of  Siberia 
and  Canada^  whose  chilly  influence  is  sensibly  felt  in 
Asia  and  America,  even  within  18®  of  the  equator. 

The  isothermal  lines  are  nearly  parallel  to  the  equator, 
till  about  22°  of  latitude  on  each  side  of  it,  where  they 
begin  to  lose  their  parallelism,  and  continue  to  do  so 
more  and  more  as  the  latitude  augments.  With  regard 
to  the  northern  hemisphere,  the  isothermal  line  of  59^ 
of  Fahrenheit  passes  between  Rome  and  Florence,  in 
latitude  43°;  and  near  Raleigh,  in  North  Carolina, 
latitude  36^ ;  that  of  50°  of  equal  annual  temperature 
runs  through  the  Netherlands,  latitude  51° ;  and  near 
Boston,  in  the  United  States,  latitude  4j2|^°;  that  of 
41°  passes  near  Stockholm,  latitude  59^°;  and  St. 
George's  Bay,  Newfoundland,  latitude  48°  ;  and  lastly, 
the  line  of  32°,  the  freezing  point  of  water,  passes  be- 
tween Ulea,  in  Lapland,  latitude  66^,  and  Table  Bay, 
on  the  coast  of  Labrador,  latitude  54°. 

Thus  it  appears,  that  the  isothermal  lines  which  are 
nearly  parallel  to  the  equator  for  about  22°,  afterwards 
deviate  more  and  more.  From  the  observations  of 
Sir  Charles  Giesecke  in  Greenland,  of  Mr.  Scoresby  in 
the  Arctic  Seas,  and  also  from  those  of  Sir  Edward 
Parry  and  Sir  John  Franklin,  it  is  found  that  the  iso- 
thermal lines  of  £urope  and  America  entirely  separate 
in  the  high  latitudes,  and  surround  two  poles  of  maxi« 
mum  cold,  one  in  America  and  the  other  in  the  north 
of  Asia,  neither  of  which  coincides  with  the  pole  of  the 
earth's  rotation.  These  poles  are  both  situate  in  about 
the  80th  parallel  of  north  latitude.  The  Transatlantic 
pole  is  in  the  100th  degree  of  west  longitude,  about  5° 
to  the  north  of  Sir  Graham  Moore's  Bay,  in  the  Polar 
Seas,  and  the  Asiatic  pole  is  in  the  95th  d^;rce  of  east 
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longitude^  a  little  to  the  north  of  the  Bay  of  Taimura^ 
near  the  North-east  Cape.  According  to  the  estimation 
of  Sir  Dand  Brewster^  from  the  observations  of  M.  De 
Humboldt  and  Captains  Parry  and  Scoresby^  the  mean 
annual  temperature  of  the  Asiatic  pole  is  nearly  1^  of 
Fahrenheit's  thermometer^  and  that  of  the  Transatlantic 
pole  about  3^°  below  zero^  whereas  he  supposes  the 
mean  annual  temperature  of  the  pole  of  rotation  to  be 
4°  or  5°.  It  is  believed  that  two  corresponding  poles 
of  maximum  cold  exist  in  the  southern  hemisphere^ 
though  observations  are  wanting  to  trace  the  course  of 
the  southern  isothermal  lines  with  the  same  accuracy  as 
the  northern. 

The  isothermal  lines^  or  such  as  pass  through  places 
where  the  mean  annual  temperature  of  the  air  is  the 
same,  do  not  always  coincide  with  the  isogeothermal 
lines^  which  are  those  passing  through  places  where  the 
mean  temperature  of  the  ground  is  the  same.  Sir 
David  Brewster^  in  discussing  this  subject^  finds  that  the 
isogeothermal  lines  are  always  parallel  to  the  isother- 
mal lines ;  consequently  the  same  general  formula  will 
servp  to  determine  both^  since  the  difference  is  a  constant 
quantity^  obtained  by  observation,  and  depending  upon 
the  distance  of  the  place  from  the  neutral  isothermal  line. 
These  results  are  confirmed  by  the  observations  of  M. 
Kupfier,  of  Kasan^  during  his  excursions  to  the  norths 
which  show  that  the  European  and  the  American  por- 
tions of  the  isogeothermal  line  of  32^  of  Fahrenheit 
actually  separate^  and  go  round  the  two  poles  of  maxi* 
mum  cold.  This  traveller  remarked^  also^  that  the  * 
temperature  both  of  the  air  and  of  the  soil  decreases 
most  rapidly  towards  the  45th  degree  of  latitude. 

It  is  evident  that  places  may  have  the  same  mean 
annual  temperature^  and  yet  differ  materially  in  climate. 
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In  one>  the  winters  may  be  mild  and  the  summers  cool : 
whereas  another  may  experience  the  extremes  of  heat 
and  cold.     Lines  passing  through  places   having   the 
same  mean  summer  or  winter  temperature,  are  neither 
parallel  to  the  isothermal^  the  geothermal  lines,  nor  to 
one  another^  and  they  differ  still  more  from  the  parallels 
of  latitude.  In  Europe^  the  latitude  of  two  places  which 
)iave  the  same  annual  heat  never  differs  more  than  8^ 
or  9° ;  whereas  the  difference  in  the  latitude  of  those 
having  the  same  mean  winter  temperature  is  sometimes 
as  much  as  18°  or  19°.     At  Kasan,  in  the  interior  of 
Russia^  in  latitude  55°*48^  nearly  the  same  with  that  of 
Edinburgh^  the  mean  annual  temperature  is  about  37*^*6; 
at  Edinburgh  it  is  47°*84.     At  Kasan^  the  mean  sum- 
mer temperature  is  64°-84,  and  that  of  winter  2^*12; 
whereas  at  Edinburgh  the  mean  summer  temperature  is 
58°'28,  and  that  of  winter  38^-66.   Whence  it  appears 
that   the   difference   of  winter   temperature   is   much 
greater  than  that  of  summer.     At  Quebec,  the  sum- 
mers are  as  warm  as  those  in  Paris^  and  grapes  some- 
times ripen  in  the  open  air  ;  whereas  the  winters  are  as 
severe  as  in  Petersburgh ;  the  snow  lies  five  feet  deep 
for  several  months^  wheel  carriages  cannot  be  used^  the 
ice  is  too  hard  for  skating,  travelling  is  performed  in 
sledges,  and  frequently  on  the  ice  of  the  river  St.  Law- 
rence.    The  cold  at  Melville  Island,  on  the  15th  of 
January,  1820,  according  to  Sir  Edward  Parry,  was 
55°  below  the  zero  of  Fahrenheit's  thermometer,  only 
3°  above  the  temperature  of  the  ethereal  regions,  yet  the 
'  summer  heat  in  these  high  latitudes  is  insupportable* 
Observations  tend  to  prove  that  all  the  climates  of 
the  earth  are  stable,  and  that  their  vicissitudes  are  only 
periods  or  oscillations  of  more  or  less  extent,  which 
vanish  in  the  mean  annual  temperature  of  a  sufficient 
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number  of  years.  This  constancy  of  the  mean  annual 
temperature  of  the  different  places  on  the  surface  of  the 
globe  shows  that  the  same  quantity  of  heat,  which  is 
annually  received  by  the  earthy  is  annually  radiated  into 
space.  Nevertheless^  a  variety  of  causes  may  disturb 
the  climate  of  a  place ;  cultivation  may  make  it  warmer; 
but  it  is  at  the  expense  of  some  other  place^  which  be- 
comes colder  in  the  same  proportion.  There  may  be  a 
succession  of  cold  summers  and  mild  winte^s^  but  in 
some  other  country  the  contrary  takes  place  to  effect  the 
compensation ;  wind^  rain^  snow^  fog^  and  the  other 
meteoric  phenomena,  are  the  ministers  employed  to  ac- 
complish the  changes.  The  distribution  of  heat  may 
vary  with  a  variety  of  circumstances,  but  the  absolute 
quantity  lost  and  gained  by  the  whole  earth  in  the 
course  of  a  year  is  invariably  the  same. 


y  Google 


SECT.  XXVI.    INFLUENCE  OF  HEAT  ON  VEGETATION.       289 


SECTION  XXVI. 

INFLUENCE    OP    TEMPERATURE     ON    VEGETATION. VEGETATION 

VARIES  WITH  THE    LATITUDE   AND  HEIGHT   ABOVE  THE    SEA. 

GEOGRAPHICAL  DISTRIBUTION  OP  LAND  PLANTS. DISTRIBU- 
TION OP  MARINE  PLANTS CORALLINES,  SHELL-FISH,  REP- 
TILES,   INSECTS,    BIRDS,     AND     QUADRUPEDS. VARIETIES    OP 

MANKIND,  YET  IDENTITY  OP  SPECIES. 

The  gradual  decrease  of  temperature  in  the  air  and  in 
the  earth,  from  the  equator  to  the  poles^  is  clearly  indi- 
cated by  its  influence  on  vegetation.  In  the  valleys  of 
the  torrid  zone^  v^here  the  mean  annual  temperature  is 
very  high^  and  where  there  is  abimdance  of  moisture^ 
nature  adorns  the  soil  with  all  the  luxuriance  of  perpetual 
summer.  The  palm^  the  bombax  ceiba^  and  a  variety  of 
magnificent  trees,  tower  to  the  height  of  150  or  200 
feet  above  the  banana^  the  bamboo^  the  arborescent 
fern^  and  numberless  other  tropical  productions^  so  in- 
terlaced by  creeping  and  parasitical  plants  as  often  to 
present  an  impenetrable  barrier.  But  the  richness  of 
vegetation  gradually  diminishes  with  the  temperature ; 
the  splendour  of  the  tropical  forest  is  succeeded  by  the 
T^ions  of  the  olive  and  vine ;  these  again  yield  to  the 
verdant  meadows  of  more  temperate  climes ;  then  fol- 
low the  birch  and  the  pine,  which  probably  owe  their 
existence  in  very  high  latitudes  more  to  the  warmth  of 
the  soil  than  to  that  of  the  air.  But  even  these  en- 
during plants  become  dwarfish  stunted  shrubs,  till  a 
verdant  carpet  of  mosses  and  lichens  enamelled  with 
flowers  exhibits  the  last  signs  of  vegetable  life  during 
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the  short  but  fervent  summers  at  the  polar  regions. 
Such  is  the  effect  of  cold  on  the  vegetable  kingdom^ 
that  the  number  of  species  growing  under  the  line^ 
and  in  the  northern  latitudes  of  45^  and  68^^  are  in 
the  proportion  of  the  numbers  12,  4f,  and  1.  Not- 
withstanding the  remarkable  difference  between  a  tro- 
pical and  polar  Flora^  moisture  seems  to  be  almost 
the  only  requisite  for  vegetation^  since  neither  heat^ 
cold^  nor  even  darkness^  destroys  the  fertility  of  na- 
ture. In  salt  plains  and  sandy  deserts  alone,  hopeless 
barrenness  prevails.  Plants  grow  on  the  borders  of  hot 
springs — they  form  the  oases  wherever  moisture  exists, 
among  the  burning  sands  of  Mrica — they  are  found  in 
caverns  void  of  light,  though  generally  blanched  and 
feeble.  The  ocean  teems  with  vegetation.  The  snow 
itself  not  only  produces  a  red  alga,  discovered  by 
Saussure  in  the  frozen  declivities  of  the  Alps,  found  in 
abundance  by  the  author  crossing  the  Col  de  Bonhomme 
from  Savoy  to  Piedmont,  and  by  the  polar  navigators 
in  the  Arctic  r^ions,  but  it  affords  shelter  to  the  pro- 
ductions of  those  inhospitable  climes,  against  the  piercing 
winds  that  sweep  over  fields  of  everlasting  ice.  Those 
interesting  mariners  narrate,  that  under  this  cold  de. 
fence  plants  spring  up,  dissolve  the  snow  a  few  inches 
round,  and  the  part  above  being  again  quickly  frozen 
into  a  transparent  sheet  of  ice,  admits  the  sun's  rays, 
which  warm  and  cherish  the  plant  in  this  natural 
hot-house,  till  the  returning  summer  renders  such  pro* 
tection  unnecessary. 

By  far  the  greater  part  of  the  hundred  and  ten 
thousand  known  species  of  plants  are  indigenous  in 
Equinoctial  America.  Europe  contains  about  half  the 
number;  Asia,  with  its  islands,  somewhat  less  than 
Europe;  New  Holland,  with  the  islands  in  the  Pacific^ 
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Still  less ;  and  in  Africa  there  are  fewer  vegetable  pro- 
ductions than  in  any  part  of  the  globe  of  equal  extent. 
Very  few  social  plants,  such  as  grasses  and  heaths  that 
cover  large  tracts  of  land,  are  to  be  found  between  the 
tropics,  except  on  the  sea-coasts  and  elevated  plains : 
some  exceptions  to  this,  however,  are  to  be  met  with  in 
the  jungles  of  the  Deccan,  Khandish,  &c.  In  the 
equatorial  regions  where  the  heat  is  always  great,  the 
distribution  of  plants  depends  upon  the  mean  annual 
temperature ;  whereas  in  temperate  zones,  the  distribu-i 
tion  is  regulated  in  some  degree  by  the  summer  heat. 
Some  plants  require  a  gentle  warmth  of  long  continu- 
ance, others  flourish  most  where  the  extremes  of  heat 
and  cold  are  greater.  The  range  of  wheat  is  very  great : 
it  may  be  cultivated  as  far  north  as  the  60th  degree  of 
latitude,  but  in  the  torrid  zone  it  will  seldom  form  an  ear 
below  an  elevation  of  4500  feet  above  the  level  of  the 
sea,  from  exuberance  of  vegetation ;  nor  will  it  ripen 
above  the  height  of  10,800  feet,  though  much  depends 
upon  local  circumstances.  Colonel  Sykes  states  that,  in 
the  Deccan,  wheat  thrives  1800  feet  above  the  level  of 
the  sea.  The  best  wines  are  produced  between  the  SOth 
and  45th  degrees  of  north  latitude.  With  regard  to 
the  vegetable  kingdom,  elevation  is  equivalent  to  lati- 
tude, as  far  as  temperature  is  concerned.  In  ascending 
the  mountains  of  the  torrid  zone,  the  richness  of  the 
tropical  vegetation  diminishes  with  the  height ;  a  suc- 
cession of  plants  similar,  though  not  identical  with  those 
found  in  latitudes  of  corresponding  mean  temperature^ 
takes  place;  the  lofty  forests  by  degrees  lose  their 
splendour,  stunted  shrubs  succeed,  till  at  last  the  pro- 
gress of  the  lichen  is  checked  by  eternal  snow.  On  the 
volcano  of  Tenerifle  there  are  five  successive  zones,  each 
producing  a  distinct  race  of  plants.     The  first  is  the 

U     2  Jigitized  by  Google 


292  DISTRIBUTION    OF    PLANTS.         SECT.  XXVI. 

region  of  vines,  the  next  that  of  laurels ;  these  are  fol- 
lowed by  the  districts  of  pines,  of  mountain  broom,  and 
of  grass ;  the  whole  covering  the  declivity  of  the  peak 
through  an  extent  of  11,200  feet  of  perpendicular 
height. 

Near  the  equator,  the  oak  flourishes  at  the  height  of 
9200  feet  above  the  level  of  the  sea ;  and  on  the  lofty 
range  of  the  Himalaya,  the  primula,  the  convallaria, 
and  the  veronica  blossom,  but  not  the  primrose,  the 
Ijly  of  the  valley,  or  the  veronica  which  adorn  our 
meadows :  for  although  the  herbarium  collected  by  Mr. 
Moorcroft,  on  his  route  from  Neetee  to  Daba  and 
Garlope  in  Chinese  Tartary,  at  elevations  as  high  or 
even  higher  than  Mont  Blanc,  abounds  in  Alpine  and 
European  genera,  the  species  are  universally  different, 
with  the  single  exception  of  the  rhodiola  rosea,  which 
is  identical  with  the  species  that  blooms  in  Scotland. 
It  is  not  in  this  instance  alone  that  similarity  of  climate 
obtains  without  identity  of  productions;  throughout 
the  whole  globe,  a  certain  analogy  both  of  structure 
and  appearance  is  frequently  discovered  between  plants 
under  corresponding  circumstances,  which  are  yet  spe- 
cifically different.  It  is  even  said,  that  a  distance  of 
25°  of  latitude  occasions  a  total  change,  not  only  of 
vegetable  productions,  but  of  organised  beings.  Cer- 
tain it  is,  that  each  separate  region  both  of  land  and 
water,  from  the  frozen  shores  of  the  polar  circles  to 
the  burning  regions  of  the  torrid  zone,  possesses  a  Flora 
of  species  peculiarly  its  own.  The  whole  globe  has 
been  divided  by  botanical  geographers  into  twenty-seven 
botanical  districts,  differing  almost  entirely  in  their 
specific  vegetable  productions ;  the  limits  of  which  are 
most  decided  when  they  are  separated  by  a  wide  expanse 
of  ocean,  mountain*  chains,  sandy  deserts,  salt  plains,  or 
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internal  seas.  A  considerable  number  of  plants  are 
common  to  the  northern  regions  of  Asia^  Europe^  and 
America^  where  the  continents  almost  unite;  but^  in 
approaching  the  souths  the  Floras  of  these  three  great 
divisions  of  the  globe  differ  more  and  more  even  in  the 
same  parallels  of  latitude^  which  shows  that  temper- 
ature alone  is  not  the  cause  of  the  almost  complete 
diversity  of  species  that  every  where  prevails.  .  The 
Floras  of  China_,  Siberia,  Tartary,  of  the  European  dis- 
trict including  Central  Europe  and  the  coasts  of  the 
Mediterranean,  and  the  Oriental  region,  comprising  the 
countries  round  the  Black  and  Caspian  Seas,  aU  differ 
in  specific  character.  Only  twenty-four  species  were 
found  by  MM.  Bonpland  and  Humboldt  in  Equinoc- 
tial America  identical  with  those  of  the  Old  World; 
and  Mr.  Brown  not  only  found  that  a  peculiar  vege^ 
tation  exists  in  New  Holland,  between  the  33d  and 
35th  parallels  of  south  latitude,  but  that,  at  the 
eastern  and  western  extremities  of  these  parallels, 
not  one  species  is  common  to  both,  and  that  certain 
genera  also  are  almost  entirely  confined  to  these  spots. 
The  number  of  species  common  to  Australia  and  Europe 
are  only  l66  out  of  4100,  and  probably  some  of  these 
have  been  conveyed  thither  by  the  colonists.  This 
proportion  exceeds  what  is  observed  in  Southern  Africa, 
and,  from  what  has  been  already  stated,  the  proportion 
of  European  species  in  lEquinoctial  America  is  still  less. 
Islands  partake  of  the  vegetation  of  the  nearest  con- 
tinents, but  when  very  remote  from  land  their  Floras  are 
altogether  peculiar.  The  Aleutian  Islands,  extending 
between  Asia  and  America,  partake  of  the  vegetation  of 
the  northern  parts  of  both  these  continents,  and  may 
have  served  as  a  channel  of  communication.  In  Ma. 
deira  and  Teneriffe,  the  plants  of  Portugal,  Spain,  the 
u  S 
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Azores^  and  of  the  north  coast  of  Africa  are  found;  and 
the  Canaries  contain  a  great  number  of  plants  belonging 
to  the  African  coast.  But  each  of  these  islands  pos- 
sesses a  Flora  that  exists  nowhere  else;  and  St.  Helena^ 
standing  alone  in  the  midst  of  the  Atlantic  Ocean^  out 
of  sixty-one  indigenous  species^  produces  only  two  or 
three  recognised  as  belonging  to  any  other  part  of  the 
world. 

It  appears  from  the  investigations  of  M.  De  Humboldt^ 
that  between  the  tropics  the  monocotyledonous  plants^ 
such  as  grasses  and  palms^  which  have  only  one  seed.lobe^ 
are  to  the  dicotyledonous  tribe^  which  have  two  seed- 
lobes^  like  most  of  the  European  species^  in  the  propor- 
tion of  one  to  four ;  in  the  temperate  zones  they  are  as 
one  to  six ;  and  in  the  Arctic  regions^  where  mosses  and 
lichens^  which  form  the  lowest  order  of  the  vegetable 
creation^  abound^  the  proportion  is  as  one  to  two.  The 
annual  monocotyledonous  and  dicotyledonous  plants  in 
the  temperate  zones  amount  to  one  sixth  of  the  whole^ 
omitting  the  Cryptogamia  i ;  in  the  torrid  zone,  they 
scarcely  form  one  twentieth,  and  in  Lapland  one  thir- 
tieth part.  In  approaching  the  equator,  the  ligneous 
exceed  the  number  of  herbaceous  plants ;  in  America^ 
there  are  a  hundred  and  twenty  different  species  of 
forest  trees,  whereas  in  the  same  latitudes  in  Europe  only 
thirty-four  are  to  be  found. 

Similar  laws  appear  to  regulate  the  distribution  of 
marine  plants.  M.  Lamouroux  has  discovered  that  the 
groups  of  alge,  or  marine  plants,  afiect  particular  tempe- 
ratures or  zones  of  latitude,  though  some  few  genera  pre- 
vail throughout  the  ocean.  The  polar  Atlantic  basin,  to 
the  40th  degree  of  north  latitude,  presents  a  welLdefined 
vegetation.   The  West  Indian  seas,  induding  the  Gulf  of 
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Mexico,  the  eastern  coast  of  South  America^  the  Indian 
Ocean  and  its  gulfs,  the  shores  of  New  Holland,  and 
the  neighbouring  islands^  have  each  their  distinct 
species.  The  Mediterranean  possesses  a  vegetation  pe. 
culiar  to  itself,  extending  to  the  Black  Sea ;  and  the 
species  of  marine  plants  on  the  coasts  of  Syria  and  in 
the  port  of  Alexandria  di£^r  almost  entirely  from  those 
of  Suez  and  the  Red  Sea^  notwithstanding  the  proximity 
of  their  geographical  situation.  It  is  observed  that 
shallow  seas  have  a  different  set  of  plants  from  such  as 
are  deeper  and  colder ;  and^  like  terrestrial  vegetation, 
the  algffi  are  most  numerous  towards  the  equator,  where 
the  quantity  must  be  prodigious,  if  we  may  judge  from 
the  gulf-weed,  which  certainly  has  its  origin  in  the  tro. 
pical  seas,  and  is  drifted,  though  not  by  the  gulf-stream, 
to  higher  latitudes,  where  it  accumulates  in  such  quan. 
titles,  that  the  early  Portuguese  navigators,  Columbus 
and  Lerius,  compared  the  sea  to  extensively  inundated 
meadows,  in  which  it  actually  impeded  thdr  ships  and 
alarmed  their  sailors.  M.  De  Humboldt,  in  his  Personal 
Narrative,  mentions,  that  the  most  extensive  bank  of 
8ea.weed  is  in  the  northern  Atlantic,  a  little  west  of  the 
meridian  of  Fayal,  one  of  the  Azores,  between  the  25th 
and  36th  d^ees  of -latitude.  Vessels  returning  to  Europe 
from  Monte  Video,  or  from  the  Cape  of  Good  Hope,  cross 
this  bank  nearly  at  an  equal  distance  from  the  Antilles 
and  Canary  Islands.  The  other  bank  occupies  a  smaller 
space,  between  the  22d  and  ^6th  degrees  of  north  lati- 
tude, about  eighty  leagues  west  of  the  meridian  of 
the  Bahama  Islands,  and  is  generally  traversed  by  ves- 
sels on  their  passage  from  the  Caioos  to  the  Bermuda 
Islands.  These  masses  consist  chiefly  of  one  or  two 
species  of  Sargassum,  the  most  extensive  genus  of  the 
order  Fucoidee. 
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Some  of  the  sea- weeds  grow  to  the  enormous  length 
of  several  hundred  feet^  and  all  are  highly  coloured^ 
though  many  of  them  must  grow  in  the  deep  caverns  of 
the  ocean^  in  total  or  almost  total  darkness;  lights  how- 
ever^ may  not  he  the  only  principle  on  which  the  colour 
of  vegetables  depends^  since  M.  De  Humboldt  met  with 
green  plants  growing  in  complete  darkness  at  the  bot- 
tom of  one  of  the  mines  at  Freyberg. 

It  appears  that  in  the  dark  and  tranquil  caves  of  the 
ocean^  on  the  shores  alternately  covered  and  deserted  by 
the  restless  waves^  on  tht  lofty  mountain  and  extended 
plain^  in  the  chilly  regions  of  the  north  and  in  the  genial 
warmth  of  the  souths  specific  diversity  is  a  general  law 
of  the  vegetable  kingdom^  which  cannot  be  accounted 
for  by  diversity  of  climate ;  and  yet  the  .  similarity 
though  not  identity  of  species  is  such^  under  the  same 
isothermal  lines^  that  if  the  number  of  species  belonging 
to  one  of  the  great  families  of  plants  be  known  in  any 
part  of  the  globe^  the  whole  number  of  the  phaneroga- 
mous or  more  perfect  plants^  and  also  the  number  of 
species  composing  the  other  vegetable  families,  may  be 
estimated  with  considerable  accuracy. 

Various  opinions  have  been  formed  on  the  original  or 
primitive  distribution  of  plants  over  the  surface  of  the 
globe  ;  but  since  botanical  geography  became  a  regular 
science,  the  phenomena  observed  have  led  to  the* con. 
elusion  that  vegetable  creation  must  have  taken  place  in 
a  number  of  distinctly  different  centres,  each  of  which 
was  the  original  seat  of  a  certain  number  of  peculiar 
species,  which  at  first  grew  there  and  nowhere  else. 
Heaths  are  exclusively  confined  to  the  Old  World,  and 
no  indigenous  rose  tree  has  ever  been  discovered  in  the 
New ;  the  whole  southern  hemisphere  being  destitute  of 
that  beautiful  and  fragrant  plant   But  this  is  still  more 
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confirmed  by  multitudes  of  particular  plants  having  an 
entirely  local  and  insulated  existence^  growing  spon* 
taneously  in  some  particular  spot  and  in  no  other  place  ; 
for  example^  the  cedar  of  Lebanon^  which  grows  indi« 
genously  on  that  mountain  and  in  no  other  part  of 
the  world. 

The  same  laws  obtain  in  the  distribution  of  the  ani- 
mal creation.  The  zoophite^,  occupying  the  lowest 
place  in  animated  nature,  is  widely  scattered  through 
the  seas  of  the  torrid  zone,  each  species  being  confined 
to  the  district  best  fitted  to  its  existence.  Shell-fish 
decrease  in  size  and  beauty  with  their  distance  from  the 
equator ;  and,  as  far  as  is  known,  each  sea  has  its  own 
kind,  and  every  basin  of  the  ocean  is  inhabited  by  its 
peculiar  tribe  of  fish.  Indeed,  MM.  Peron  and  Le  . 
Sueur  assert,  that  among  the  many  thousands  of  marine 
animals  which  they  had  examined,  there  is  not  a  single 
animal  of  the  southern  regions  which  is  not  distin- 
guishable by  essential  characters  from  the  analc^ous 
species  in  the  northern  seas.  Reptiles  are  not  exempt 
from  the  general  law.  The  saurian  ^  tribes  of  the  four 
quarters  of  the  globe  differ  in  species ;  and  although 
warm  countries  abound  in  venomous  snakes,  they  are 
specifically  different,  and  decrease  both  in  the  numbers 
and  in  the  virulence  of  their  poison  with  decrease  of 
temperature.  The  dispersion  of  insects  necessarily  fol- 
lows that  of  the  v^etables  which  supply  them  with 
food ;  and  in  general  it  is  observed,  that  each  kind  of 
plant  is  peopled  by  its  peculiar  inhabitants.  Each  spe- 
cies of  bird  has  its  particular  haimt,  notwithstanding 
the  locomotive  powers  of  the  winged  tribes.  The  emu 
is  confined  to  Australia,  the  condor  never  leaves  the 
Andes,  nor  the  great  eagle  the  Alps;  and  although 
iNotefiia.  >Note81& 
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some  birds  are  common  to  every  comitry,  they  are  few 
in  number.  Quadrupeds  are  distributed  in  the  same 
manner  wherever  man  has  not  interfered.  Such  as  are 
indigenous  in  one  continent  are  not  the  same  with  their 
congeners  in  another ;  and  with  the  exception  of  some 
kinds  of  bats^  no  warm-blooded  animal  is  indigenous  in 
the  Polynesian  Archipelago,  nor  in  any  of  the  Islands 
on  the  borders  of  the  central  part  of  the  Pacific. 

In  reviewing  the  infinite  variety  of  organised  beings 
that  people  the  surface  of  the  globe^  nothing  is  more 
remarkable  than  the  distinctions  which  characterise  the 
different  tribes  of  mankind^  from  the  ebony  skin  of  the 
torrid  zone  to  the  fair  and  ruddy  complexion  of  Scan- 
dinavia^—  a  difference  which  existed  in  the  earliest 
recorded  times^  since  the  African  is  represented  in  the 
sacred  writings  to  have  been  as  black  as  he  is  at  the 
present  day^  and  the  most  ancient  Egyptian  paintings 
confirm  that  truth ;  yet  it  appears  from  a  comparison 
of  the  principal  circumstances  relating  to  the  animal 
economy  or  physical  character  of  the  various  tribes  of 
mankind^  that  the  different  races  are  identical  in  species. 
Many  attempts  have  been  made  to  trace  the  various 
tribes  back  to  a  common  origin^  by  collating  the 
numerous  languages  which  are^  or  have  been^  spoken. 
Some  classes  of  these  have  few  or  no  words  in  common^ 
yet  exhibit  a  remarkable  analogy  in  the  laws  of  their 
grammatical  construction.  The  languages  spoken  by 
the  native  American  nations  afford  examples  of  these  ; 
indeed,  the  refinement  in  the  grammatical  construction 
of  the  tongues  of  the  American  savages  leads  to  the 
belief  that  they  must  originally  have  been  spoken  by  a 
much  more  civilised  class  of  mankind.  Some  tongues 
have  little  or  no  resemblance  in  structure,  though  they 
correspond  extensively  in  tiieir  vocabularies)  as  In  the 
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Syrian  dialects.  In  all  of  these  cases  it  may  be  inferred^ 
that  the  nations  speaking  the  languages  in  question  are 
descended  from  the  same  stock ;  but  the  probability  of 
a  common  origin  is  much  greater  in  the  Indo-European 
nations^  whose  languages^  such  as  the  Sanscrit^  Greeks 
Latin^  German^  Sec,  have  an  affinity  both  in  structure 
and  correspondence  of  vocables.  In  many  tongues  not 
the  smallest  resemblance  can  be  traced ;  length  of  time^ 
however,  may  have  obliterated  original  identity.  The 
conclusion  drawn  from  the  whole  investigation  is,  that 
although  the  distribution  of  organised  beings  does  not 
follow  the  direction  of  the  isothermal  lines,  temperature 
has  a  very  great  influence  on  their  physical  development. 
The  heat  of  the  air  is  so  intimately  connected  with  its 
electrical  condition,  that  electricity  must  also  affect  the 
distribution  of  plants  and  animals  over  the  face  of  the 
earth,  the  more  so  as  it  seems  to  have  a  great  share  in 
the  functions  of  animal  and  vegetable  life.  It  is  the 
sole  cause  of  many  atmospheric  and  terrestrial  pheno- 
mena, and  performs  an  important  part  in  the  economy 
of  nature. 
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OF  ORDINABT  ELECTRICITT,    GENERALLY  CALLED'  ELECTRICITT  OP 

TENSION. METHODS  OF  EXCITING  BODIES. TRANSFERENCE. 

ELECTRICS  AND  NON-ELECTRICS.  LAW    OF  ITS  INTENSITY. 

DISTRIBUTION. TENSION. —7  ELECTRIC  HEAT  AND  LIGHT. 

ATMOSPHERIC  ELECTRICITY. ITS  CAUSE. ELECTRIC  CLOUDS. 

BACK     STROKE. VIOLENT   EFFECTS    OP    LIGHTNING. ITS 

VELOCITY. PHOSPHORESCENCE. AURORA. 


Electricity  is  one  of  those  imponderable  agents  per- 
vading the  earth  and  all  substances^  without  affecting 
their  volume  or  temperature^  or  even  giving  any  visible 
sign  of  its  existence  when  in  a  latent  state,  but  when 
elicited,  developing  forces  capable  of  producing  the  most 
sudden,  violent^  and  destructive  effects  in  some  cases, 
while  in  others,  their  action,  though  less  energetic,  is  of 
indefinite  and  uninterrupted  continuance.  These  mo- 
difications of  the  electric  force,  incidentally  depending 
upon  the  manner  in  which  it  is  excited,  present  phe- 
nomena of  great  diversity,  but  yet  so  connected  as  to 
justify  the  conclusion  that  they  originate  in  a  commcm 
principle. 

Electricity  may  be  called  into  activity  by  mechanical 
power,  by  chemical  action,  by  heat,  and  by  magnetic 
infiuence.  We  are  totally  ignorant  why  it  is  roused 
from  its  neutral  state  by  such  means,  or  of  the  manner 
of  its  existence  in  bodies ;  whether  it  be  a  material 
agent,  or  merely  a  property  of  matter.  As  some  hypo- 
thesis is  necessary  for  explaining  the  phenomena  ob- 
served, it  is  assumed  to  be  a  highly  elastic  fiuid,  capaUe 
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of  moving  with  yarious  degrees  of  facility  through  the 
pores  or  even  the  suhstance  of  matter.  And  as  ex- 
perience shows  that  bodies  in  one  electric  state  attract 
and  in  another  repel  each  other^  the  hypothesis  of  two 
kinds^  called  positive  and  negative  electricity^  is  adopted. 
But  whether  there  really  be  two  different  fluids^  or  that 
the  mutual  attraction  and  repulsion  of  bodies  arise 
from  the  redundancy  and  defect  of  their  electricities^  is 
of  no  consequence^  since  all  the  phenomena  can  be  ex- 
plained on  either  hypothesis.  As  each  electricity  has 
its  pecuUar  properties^  the  science  may  be  divided  into 
branches^  of  which  the  following  notice  is  intended  to 
convey  some  idea. 

Substances  in  which  the  positive  and  negative  elec- 
tricities are  combined^  being  in  a  neutral  state^  neither 
attract  nor  repel.  There  is  a  numerous  class  called 
electrics^  in  which  the  electric  equilibrium  is  destroyed 
by  friction  :  then  the  positive  and  negative  electricities 
are  called  into  action  or  separated ;  the  positive  is  im- 
pelled in  one  direction^  and  the  negative  in  another  ; 
those  of  the  same  kind  repel^  whereas  those  of  different 
kinds  attract  each  other.  The  attractive  power  is  ex- 
actly equal  to  the  repulsive  force  at  equal  distances^ 
and  when  not  opposed^  they  coalesce  with  great  ra. 
pidity  and  violence^  producing  the  electric  flashy  ex. 
plosion^  and  shock :  then  equilibrium  is  restored^  and 
the  electricity  remains  latent  till  again  called  forth  by  a 
new  exciting  cause.  One  kind  of  electricity  cannot  be 
evolved  without  the  evolution  of  an  equal  quantity  of 
the  opposite  kind.  Thus^  when  a  glass  rod  is  rubbed 
with  a  piece  of  silk^  as  much  positive  electricity  is 
elicited  in  the  glass  as  there  is  negative  in  the  silk. 
The  kind  of  electricity  depends  more  upon  the  mecha- 
nical condition  than  on  the  nature  of  the  surface^  for 
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when  two  plates  of  glass^  one  polished  and  the  other 
rough,  are  rubhed  against  each  other,  the  polished  sur« 
face  acquires  positive  and  the  rough  negative  electricity. 
The  manner  in  which  friction  is  performed  also  alters 
the  kind  of  electricity.  £qual  lengths  of  black  and 
white  ribbon,  applied  longitudinally  to  one  another, 
and  drawn  between  the  finger  and  thumb,  so  as  to  rub 
their  surfaces  together,  become  electric.  When  sepa- 
rated, the  black  ribbon  is  found  to  have  acquired  nega- 
tive electricity,  and  the  white  positive:  but  if  the 
whole  length  of  the  black  ribbon  be  drawn  across  the 
breadth  of  the  white,  the  black  will  be  positively  and 
the  white  negatively  electric  when  separate.  Electri- 
city may  be  transferred  from  one  body  to  another  in 
the  same  manner  as  heat  is  communicated,  and,  like  it 
too,  the  body  loses  by  the  transmission.  Although  no 
substance  is  altogether  impervious  to  the  electric  fluid, 
nor  is  there  any  that  does  not  oppose  some  resistance  to 
its  passage,  yet  it  moves  with  much  more  facility  through 
a  certain  class  of  substances  called  conductors,  such  as 
metals,  water,  the  human  body,  &c.,  than  through 
atmospheric  air,  glass,  silk,  &c.,  which  are  therefore 
called  non-conductors.  The  conducting  power  is  af- 
fected both  by  temperature  and  moisture. 

Bodies  surrounded  with  non-conductors  are  said  to 
be  insulated,  because,  when  charged,  the  electricity 
cannot  escape.  When  that  is  not  the  case,  the  elec- 
tricity is  conveyed  to  the  earth,  which  is  formed  of 
conducting  matter;  consequently  it  is  impossible  to 
accumulate  electricity  in  a  conducting  substance  that  is 
not  insulated.  There  are  a  great  many  substances 
called  non.electrics,  in  which  electricity  is  not  sensibly 
developed  by  friction,  unless  they  be  insulated,  proba. 
bly  because  it  is  carried  off  by  their  conducting  power 
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as  soon  as  elicited.  Metals^  for  example^  which  are 
said  to  he  non-electrics^  can  he  excited^  hut,  heing  con^ 
ductorsj  they  cannot  retain  this  state  if  in  communi- 
cation with  the  earth.  It  is  probahle  that  no  hodies 
exist  which  are  either  perfect  non.electrics  or  perfect 
non-conductors.  But  it  is  evident  that  electrics  must  be 
non-conductors  to  a  certain  degree^  otherwise  they  could 
not  retain  their  electric  state. 

It  has  been  supposed  that  an  insulated  body  remains 
at  rest^  because  the  tension  of  the  electricity^  or  its 
pressure  on  the  air  which  restrains  it^  is  equal  on  all 
sides ;  but  when  a  body  in  a  similar  state^  and  charged 
with  the  same  kind  of  electricity^  approaches  it^  that 
the  mutual  repulsion  of  the  particles  of  the  electric 
fluid  diminishes  the  pressure  of  the  fluid  on  the  air  on 
the  adjacent  sides  of  the  two  bodies^  and  increases  it  on 
their  remote  ends ;  consequently  that  equitibrium  will 
be  destroyed,  and  the  bodies,  yielding  to  the  action  of 
the  preponderating  force,  will  recede  from  or  repel  each 
other.  When^  on  the  contrary,  they  are  charged  with 
opposite  electricities,  it  is  alleged  that  the  pressure  upon 
the  air  on  the  adjacent  sides  will  be  increased  by  the 
mutual  attraction  of  the  particles  of  the  electric  fluid, 
and  that  on  the  further  sides  diminished ;  consequently 
that  the  force  will  urge  the  bodies  towards  one  another^ 
the  motion  in  both  cases  corresponding  to  the  forces 
producing  it.  An  attempt  has  thus  been  made  to 
attribute  electrical  attractions  and  repulsions  to  the 
mechanical  pressure  of  the  atmosphere.  It  is,  however, 
more  than  doubtful  whether  these  phenomena  can  be 
referred  to  that  cause;  but  certain  it  is  that,  whatever 
the  nature  of  these  forces  may  be,  they  are  not  impeded 
in  their  action  by  the  intervention  of  any  substance 
whatever,  provided  it  be  not  itself  in  an  electric  state. 
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A  body  charged  with  electricity,  although  perfectly 
insulated,  so  that  all  escape  of  electricity  is  precluded, 
tends  to  produce  an  electric  state  of  the  opposite  kind 
in  all  bodies  in  its  vicinity.  Positive  electricity  tends 
to  produce  negative  electricity  in  a  body  near  it,  and 
vice  versd,  the  effect  being  greater  as  the  distance  dimi- 
nishes. This  power  which  electricity  possesses  of  causing 
an  opposite  electrical  state  in  its  vicinity  is  called  in- 
duction. When  a  body  charged  with  either  species  of 
electricity  is  presented  to  a  neutral  one,  its  tendency,  in 
consequence  of  the  law  of  induction,  is  to  disturb  the 
electrical  condition  of  the  neutral  body.  The  electri- 
fied body  induces  electricity  contrary  to  its  own  in  the 
adjacent  part  of  the  neutral  one,  and  therefore  an 
electrical  state  similar  to  its  own  in  the  remote  part. 
Hence  the  neutrality  of  the  second  body  is  destroyed 
by  the  action  of  the  first,  and  the  adjacent  parts  of  the 
two,  having  now  opposite  electricities,  will  attract  each 
other.  The  attraction  between  electrified  and  unelec- 
trified  substances  is  therefore  merely  a  consequence  of 
their  altered  state,  resulting  directly  from  the  law  of 
induction,  and  not  an  original  law.  The  effects  of 
induction  depend  upon  the  facility  with  which  the  equi- 
librium of  the  neutral  state  of  a  body  can  be  overcome, 
—a  facility  which  is  proportional  to  the  conducting  power 
of  the  body.  Consequently,  the  attraction  exerted  by 
an  electrified  substance  upon  another  substance  previ- 
ously neutral  will  be  much  more  energetic  if  the  latter 
be  a  conductor  than  if  it  be  a  non-conductor. 

The  law  of  electrical  attraction  and  repulsion  has 
been  determined  by  suspending  a  needle  of  gum-lac 
horizontally  by  a  silk  fibre,  the  needle  carrying  at  one 
end  a  piece  of  electrified  gold-leaf.  A  globe  charged 
with  the  same^  or  with  the  opposite  kind  of  electricity. 
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when  presented  to  the  gold-leaf,  will  repel  or  attract  it^ 
and  will  therefore  cause  the  needle  to  vibrate  more  or 
less  rapidly  according  to  the  distance  of  the  globe.  A 
comparison  of  the  number  of  oscillations  performed  in 
a  given  time^  at  different  distances^  will  determine  the 
law  of  the  variation  of  the  electrical  intensity^  in  the 
same  manner  that  the  force  of  gravitation  is  measured 
by  the  oscillations  of  the  pendulum.  Coulomb  invented 
an  instrument  which  balances  the  forces  in  question  by 
the  force  of  the  torsion  of  a  thready  which  consequently 
measures  their  intensity.  By  this  method  he  found 
that  the  intensity  of  the  electrical  attraction  and  re- 
pulsion varies  inversely  as  the  square  of  the  distance. 
Since  electricity  can  only  be  in  equilibrio  from  the 
mutual  repulsion  of  its  particles^  —  which^  according 
to  these  experiments^  varies  inversely  as  the  square  of 
the  distance^  —  its  distribution  in  different  bodies  de- 
pends upon  the  laws  of  mechanics^  and  therefore  be- 
comes a  subject  of  analysis  and  calculation.  The 
distribution  of  electricity  has  been  so  successfully  de- 
termined by  the  analytical  investigations  of  M.  Poisson 
and  Mr.  Ivory^  that  all  the  computed  phenomena  have 
been  confirmed  by  observation. 

It  is  found  by  direct  experiment  that  a  metallic 
globe  or  cylinder  contains  the  same  quantity  of  elec- 
tricity when  hollow  that  it  does  when  solid.  Thus^ 
electricity  is  entirely  confined  to  the  surface  of  bodies^ 
or^  if  it  does  penetrate  their  substance,  the  depth  is  in- 
appreciable ;  so  that  the  quantity  bodies  are  capable  of 
receiving  does  not  follow  the  proportion  of  their  bulk^ 
but  depends  principally  upon  the  extent  of  surface  over 
which  it  is  spread ;  so  that  the  exterior  may  be  posi- 
tively or  negatively  electric,  while  the  interior  is  in  a 
state  of  perfect  neutrality. 

X 
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Electricity  of  either  kind  may  be  accumulated  to  a 
great  extent  in  insulated  bodies^  and  so  long  as  it  is 
quiescent  it  occasions  no  sensible  change  in  their  pro. 
perties^  though  it  is  spread  over  their  surfaces  in  in- 
definitdy  thin  layers.  When  restrained  by  the  non. 
conducting  power  of  the  atmosphere^  the  tension  or 
pressure  exerted  by  the  electric  fluid  against  the  air 
which  opposes  its  escape^  is  in  the  ratio  compoimded 
of  the  repulsive  force  of  its  own  particles  at  the  surface 
of  the  stratum  of  the  fluid,  and  of  the  thickness  of  that 
stratum.  But  as  one  of  these  elements  is  always  pro- 
portional to  the  other,  the  total  pressure  on  every  point 
must  be  proportional  to  the  square  of  the  thickness. 
If  this  pressure  be  less  than  the  coercive  force  of  the 
air,  the  electricity  is  retained ;  but  the  instant  it  exceeds 
that  force  in  any  one  point,  the  electricity  escapes,  which 
it  will  do  when  the  air  is  attenuated,  or  becomes  sata. 
rated  with  moisture. 

The  power  of  retaining  electricity  depends  also  upon 
the  shape  of  the  body.  It  is  most  easily  retained  by 
a  sphere,  next  to  that  by  a  spheroid,  but  it  readily 
escapes  from  a  point;  and  a  pointed  object  receives 
it  with  most  facility.  It  appears  from  analysis,  that 
electricity  when  in  equilibrio,  spreads  itself  in  a  thin 
stratum  over  the  surface  of  a  sphere,  in  consequence 
of  the  repulsion  of  its  particles,  which  force  is  di- 
rected from  the  centre  to  the  surface.  In  an  obkmg 
sphermd,  the  intensity  or  thickness  of  the  stratum  <tf 
electricity  at  the  extremities  of  the  two  axes,  is  exactly 
in  the  proportion  of  the  axes  themselves  ;  hence,  wfaoi 
the  ellipsoid  is  much  elongated,  the  electricity  becomes 
very  feeble  at  the  equator  and  powerful  at  the  poles. 
A  still  greater  difference  in  the  intensities  takes  place 
in  bodies  of  a  cylindrical  or  prismatic  form^  and  die 

Digitized  by  VjOOQIC 


SECT.  ZXril.        EFFECTS   OF   ELECTRICITY.  30? 

more  so  in  proportion  as  their  length  exceeds  their 
breadth;  therefore  the  electrical  intensity  is  very 
powerful  at  a  pointy  where  nearly  the  whole  electricity 
in  the  body  is  concentrated. 

A  perfect  conductor  is  not  mechanically  affected  by 
the  passage  of  electricity^  if  it  be  of  sufficient  size  to 
carry  off  the  whole ;  but  it  is  shivered  to  pieces  in  an 
instant^  if  it  be  too  small  to  carry  off  the  charge :  this 
also  happens  to  a  bad  conductor.  In  that  case  the 
physical  change  is  generally  a  separation  of  the  particles^ 
though  it  may  occasionally  be  attributed  to  chemical 
action^  or  expansion  from  the  heat  evolved  during  the 
passage  of  the  fluid ;  but  all  these  effects  are  in  pro- 
portion to  the  obstacles  opposed  to  the  freedom  of  its 
course.  The  heat  produced  by  the  electric  shock  is 
intense^  fusing  metals^  and  even  volatilising  substances, 
though  it  is  only  accompanied  by  light  when  the  fluid 
is  obstructed  in  its  passage.  Electrical  light  is  perfectly 
similar  to  solar  light  in  its  composition  ;  according  to 
M.  Biot,  it  arises  from  the  condensation  of  the  air 
during  the  rapid  motion  of  the  electricity,  and  varies 
both  in  intensity  and  colour  with  the  density  of  the  at. 
mosphere.  When  the  air  is  dense,  it  is  white  and 
brilliant ;  whereas,  in  rarefied  air,  it  is  difiuse  and  of  a 
reddish  colour.  The  experiments  of  Sir  Humphry 
Davy,  however,  seem  to  be  at  variance  with  this 
opinion.  He  passed  the  electric  spark  through  a 
vacuum  over  mercury,  which  from  green  became 
successively  sea-green,  blue,  and  purple,  on  admitting 
different  quantities  of  air.  When  the  vacuum  was 
made  over  a  fusible  alloy  of  tin  and  bismuth,  the  spark 
was  yellowish  and  extremely  pale.  Sir  Humphry 
thence  concluded,  that  electrical  light  principally  de. 
pends  upon  some  properties  belonging  to  the  pon- 
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derable  matter  through  which  it  passes,  and  that  space 
is  capable  of  exhibiting  luminous  appearances^  though  it 
does  not  contain  an  appreciable  quantity  of  this  matter. 
He  thought  it  not  improbable  that  the  superficial  par. 
tides  of  bodies  which  form  vapour^  when  detached  by  the 
repulsive  power  of  heat^  might  be  equally  separated  by 
the  electric  forces^  and  produce  luminous  appearances 
in  vacuo^  by  the  destruction  of  their  opposite  electric 
states.     Pressure  is  a  source  of  electricity  which  M. 
Becquerel  has  found  to  be  common  to  all  bodies ;  but  it  is 
necessary  to  insulate  them  to  prevent  its  escape.   When 
two  substances  of  any  kind  whatever  are  insulated  and 
pressed  together^  they  assume  different  electric  states^ 
but   they   only  show   contrary  electricities   when    one 
of  them  is  a  good  conductor.     When  both  are  good 
conductors^  they  must  be  separated  with  extreme  ra- 
pidity^ to  prevent  the  two  fluids  from  reuniting.    When 
the  separation  is  very  sudden^  the  tension  of  the  two 
electricities   may   be  great  enough   to  produce   light. 
M.  Becquerel   attributes   the   light   produced   by   the 
collision   of  icebergs  to  this   cause.      Iceland  spar  is 
made   electric  by  the   smallest   pressure   between  the 
finger   and  thumbs    and  retains   it   for  a  long   time. 
AU  these  circumstances  are  modified  by  the  temper- 
ature of  the  substances,   the   state  of  their  surfaces^ 
and  that  of  the  atmosphere.     Several  crystalline  sub- 
stances become  electric  when  heated^  especially  tourma- 
line^  one  end  of  which  acquires  positive^  and  the  other 
negative   electricity,    while   the   intermediate    part  is 
neutral.    If  a  tourmaline  be  broken  through  the  middle^ 
each  fragment  is  found  to  possess  positive  electricity  at 
one  end,  and  negative  at  the  other,  like  the  entire  crys. 
tal.     Electricity  is  evolved  by  bodies  passing  from  a 
liquid  to  a  soM  state ;  also  by  chemical  action^  during 
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the  production  and  condensation  of  vapour,  which  is 
consequently  a  great  source  of  atmospheric  electricity. 
In  short,  it  may  he  stated  generally,  that  when  any  cause 
whatever,  such  as  friction,  pressure,  heat,  fracture,  che- 
mical action,  &c.  tends  to  destroy  molecular  attraction, 
there  is  a  development  of  electricity.  If,  however,  the 
molecules  he  not  immediately  separated,  there  will  he 
an  instantaneous  reunion  of  the  two  fluids. 

The  atmosphere,  when  clear,  is  almost  always  posi- 
tively electric.  Its  electricity  is  stronger  in  winter  than 
in  summer,  during  the  day  than  in  the  night.  The 
intensity  increases  for  two  or  three  hours  from  the 
time  of  sunrise,  comes  to  a  maximum  hetween  seven 
and  eight,  then  decreases  towards  the  middle  of  the 
day,  arrives  at  its  minimum  between  one  and  two, 
and  again  augments  as  the  sun  declines,  till  about  the 
time  of  sunset,  after  which  it  diminishes,  and  continues 
feeble  during  the  night.  Atmospheric  electricity  arises 
partly  from  an  evolution  of  the  electric  fluid  during  the 
evaporation  that  is  so  abundant  at  the  surface  of  the 
earth,  though  not  under  all  circumstances.  M.  Pouillet 
has  recently  come  to  the  conclusion,  that  simple  evapor- 
alion  never  produces  electricity,  unless  accompanied 
by  chemical  action,  but  that  electricity  is  always  disen- 
gaged when  the  water  holds  a  salt  or  some  other  sub- 
stance in  solution.  He  found,  when  water  contains 
lime,  chalk,  or  any  solid  alkali,  that  the  vapour  arising 
from  it  is  negatively  electric ;  and  when  the  body  held 
in  solution  is  either  a  gas,  acid,  or  some  of  the  salts, 
that  the  vapour  given  out  is  positively  electric.  The 
ocean  must  therefore  afford  a  great  supply  of  positive 
electricity  to  the  atmosphere ;  but  as  M.  Becquerel  has 
shown  that  electricity  of  one  kind  or  other  is  developed, 
whenever  the  molecules  of  bodies  are  deranged  from 
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their  natural  poaitions  of  equilibrium  by  any  cause 
whatever^  the  chemical  changes  on  the  surface  of  the 
globe  must  occasion  many  variations  in  the  electrical 
state  of  the  atmosphere.  M.  Pouillet  affirms^  that 
plants  afford  abundance  of  positiye  electricity  during 
their  growth^  and  that  more  positiye  electricity  is  dis- 
engaged^ in  the  course  of  one  day^  from  a  surface  of 
a  hundred  square  yards  in  full  Tegetation>  than  would 
charge  a  powerful  battery;  but  it  is  difficult  to  recon. 
cile  this  with  the  fact  of  the  atmosphere  being  more 
charged  with  electricity  during  the  winter  than  in 
summer.  M.  De  la  Rive  has  come  to  results  in  his  ex. 
periments  so  discordant  with  those  of  M.  Pouillet^  that 
he  finds  it  impossible  to  regard  vegetation  as  the 
source  of  the  positive  electricity  of  the  air^  and  agrees 
with  M.  Becquerel^  in  attributing  it  to  the  more  general 
cause  of  the  unequal  distribution  of  heat  in  the  atmo- 
sphere. Clouds  probably  owe  their  existence^  or  at  least 
their  form^  to  electricity,  for  they  consist  of  hollow 
vesicles  of  vapour  coated  with  it.  As  the  electricity 
is  either  entirely  positive  or  negative,  the  vesicles 
repel  each  other,  which  prevents  them  from  uniting 
and  falling  down  in  rain.  The  friction  of  the  sur« 
faces  of  two  strata  of  air  moving  in  different  direc- 
tions, probably  developes  electricity  ;  and  if  the  strata 
be  of  different  temperatures,  a  portion  of  the  vapour 
they  always  contain  will  be  deposited  ;  the  electricity 
evolved  will  be  taken  up  by  the  vapour,  and  cause  it 
to  assume  the  vesicular  state  constituting  a  cloud.  A 
vast  deal  of  electricity  may  be  accumulated  in  this 
manner,  which  may  be  either  positive  or  negative ;  and 
should  two  clouds  charged  with  opposite  kinds,  ap- 
proach within  a  certain  distance,  the  thickness  of  the 
coating  of  electricity  will  increase  on  the  two  sides  of 
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the  donds  that  are  nearest  to  one  another ;  and  when 
the  aocmnuladon  becomes  so  great  as  to  overcome  the 
ooerdve  pressure  of  the  atmosphere^  a  discharge  takes 
place^  which  occasions  a  flash  of  lightning.  The  actual 
quantity  of  electricity  in  any  one  part  of  a  doud  is  ex- 
tremely small.  The  intensity  of  the  flash  arises  from 
the  very  great  extent  of  surface  occupied  by  the  elec- 
tridty^  so  that  the  douds  may  be  compared  to  enormous 
Leyden  jars  thinly  coated  with  the  electric  fluids  which 
only  acquires  its  intensity  by  its  instantaneous  con. 
densation.  The  rapid  and  irregular  motions  of  thunder 
douds  are^  in  all  probability,  more  owing  to  strong 
electrical  attractions  and  repulsions  among  themsdves 
than  to  currents  of  air,  though  both  are  no  doubt 
concerned  in  these  hostile  movements. 

An  interchange  frequently  takes  place  between  the 
clouds  and  the  earth;  but  so  rapid  is  the  motion  of 
lightning,  that  it  is  difficult  to  ascertain  when  it  goes 
from  the  douds  to  the  earth,  or  shoots  upwards  from 
the  earth  to  the  clouds,  though  there  can  be  no  doubt 
that  it  does  both.  M.  Gay.Lussac  has  ascertained  that 
a  flash  of  lightning  sometimes  darts  more  than  three 
miles  at  once  in  a  straight  line. 

A  person  may  be  killed  by  lightning,  although  the 
explosion  takes  place  at  the  distance  of  twenty  miles^ 
by  what  is  called  the  back  stroke.  Suppose  that  the 
two  extremities  of  a  cloud  highly  charged  with  elec- 
tridty  hang  down  towards  the  earth ;  they  will  repd 
the  dectridty  from  the  earth's  surface,  if  it  be  of  the 
same  kind  with  their  own,  and  will  attract  the  other  kind; 
and  if  a  discharge  should  suddenly  take  place  at  one  end 
of  the  doud,  the  equilibrium  will  instantly  be  restored  by 
a  flash  at  that  point  of  the  earth  which  is  under  the 
other.  Though  the  back  stroke  is  often  sufficiently 
X  4 
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powerful  to  destroy  life,  it  is  never  so  terrible  in  its 
effects  as  the  direct  shock,  which  is  frequently  of  in- 
conceivable intensity.  Instances  have  occurred  in  which 
large  masses  of  iron  and  stone,  and  even  many  feet  of 
a  stone  wall,  have  been  conveyed  to  a  considerable 
distance  by  a  stroke  of  lightning.  Rocks  and  the  tops 
of  mountains  often  bear  the  marks  of  fusion  from  its 
action,  and  occasionally  vitreous  tubes,  descending  many 
feet  into  banks  of  sand,  mark  the  path  of  the  electric 
fluid.  Some  years  ago  Dr.  Fiedler  exhibited  several  of 
these  fulgorites  in  London,  of  considerable  length, 
which  had  been  dug  out  of  the  sandy  plains  of  Silesia  and 
Eastern  Prussia,  One  found  at  Paderborn  was  forty 
feet  long.  Their  ramifications  generally  terminate  in 
pools  or  springs  of  water  below  the  sand,  which  are 
supposed  to  determine  the  course  of  the  electric  fluid. 
No  doubt  the  soil  and  substrata  must  influence  its  di- 
rection, since  it  is  found  by  experience,  that  places 
which  have  been  struck  by  lightning  are  often  struck 
again.  A  school-house  in  Lammer-muir  in  East  Lo- 
thian, has  been  struck  three  different  times. 

The  atmosphere,  at  all  times  positively  electric, 
becomes  intensely  so  on  the  approach  of  rain,  snow, 
wind,  hail,  or  sleet,  but  it  afterwards  varies,  and  the 
transitions  are  very  rapid  on  the  approach  of  a  thun- 
der-storm. An  isolated  conductor  then  gives  out 
such  quantities  of  sparks  that  it  is  dangerous  to  ap- 
proach it,  as  was  fatally  experienced  by  Professor 
Richman,  at  Petersburg,  who  was  struck  dead  by  a 
globe  of  fire  from  the  extremity  of  a  conductor,  while 
making  experiments  on  atmospheric  electricity.  There 
is  no  instance  on  record  of  an  electric  cloud  being  dis- 
pelled by  a  conducting  rod  silently  withdrawing  the 
electric  fluid ;  yet  it  may  mitigate  the  stroke,  or  render 
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it  harmless  if  it  should  come.  Sir  John  Leslie  thought 
that  the  efficacy  of  conductors  depends  upon  the  rapidity 
with  which  they  transmit  the  electric  energy ;  and  as 
copper  is  found  to  transmit  the  fluid  twenty  times 
faster  than  iron^  and  as  iron  conducts  it  four  hundred 
millions  of  times  more  rapidly  than  water^  which  conveys 
it  several  thousand  times  faster  than  dry  stone,  copper 
conductors  afford  the  hest  protection,  especially  if  they 
expose  a  hroad  surface,  since  the  electric  fluid  is  con- 
veyed chiefly  along  the  exterior  of  hodies.  The  object 
of  a  conductor  being  to  carry  off*  the  electricity  in  case 
of  a  stroke,  and  not  to  invite  an  enemy,  it  ought  to 
project  very  little,  if  at  all,  above  the  building. 

The  velocity  of  electricity  is  so  great,  that  the  most 
rapid  motion  which  can  be  produced  by  art,  appears  to 
be  actual  rest  when  compared  with  it.  A  wheel  revolv- 
ing with  celerity  sufficient  to  render  its  spokes  invisible, 
when  illuminated  by  a  flash  of  Ughtning,  is  seen  for 
an  instant  with  all  its  spokes  distinct,  as  if  it  were  in  a 
state  of  absolute  repose.  Because,  however  rapid  the 
rotation  may  be,  the  light  has  come  and  already  ceased 
before  the  wheel  has  had  time  to  turn  through  a  sen- 
sible space.  This  beautiful  experiment  is  due  to  Pro- 
fessor Wlieatstone,  as  well  as  the  following  variation  of 
it,  which  is  not  less  striking. — Since  a  sun-beam  con- 
sists 'of  a  mixture  of  blue,  yellow,  and  red  light,  if  a 
circular  piece  of  pasteboard  be  divided  into  three  sectors, 
one  of  which  is  painted  blue,  another  yellow,  and  the 
third  red,  it  will  appear  to  be  white  when  revolving 
quickly,  because  of  the  rapidity  with  which  the  impres- 
sions of  the  colours  succeed  each  other  on  the  retina. 
But  the  instant  it  is  illuminated  by  an  electric  spark,  it 
seems  to  stand  still,  and  each  colour  is  as  distinct  as  if 
it  were  at  rest. — This  transcendent  speed  of  the  electric 
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fluid  has  been  ingeniously  measured  by  Professor  MHieat- 
Btone ;  and  although  his  experiments  are  not  far  enough 
advanced  to  enable  him  to  state  its  absolute  celerity, 
he  has  ascertained  that  it  much  surpasses  the  velocity  of 
light. 

An  insulated  copper  wire,  half  a  mile  long,  is  so  dis- 
posed that  its  centre  and  two  extremities  terminate  in 
the  horizontal  diameter  of  a  small  disc,  or  circular  plate 
of  metal,  fixed  on  the  wall  of  a  darkened  room.  When 
an  electric  spark  is  sent  through  the  wire,  it  is  seen  at 
the  three  points  apparently  at  the  same  instant.  At  the 
distance  of  about  ten  feet,  a  small  revolving  mirror  is 
placed  so  as  to  reflect  these  three  sparks  during  its  revo- 
lution. From  the  extreme  velocity  of  the  electricity,  it  is 
dear,  that  if  the  three  sparks  be  simultaneous,  they  will 
be  reflected,  and  will  vanish  before  the  mirror  has  sensibly 
changed  its  position,  however  rapid  its  rotation  may  be, 
and  they  will  be  seen  in  a  straight  line.  But  if  the  three 
sparks  be  not  simultaneously  transmitted  to  the  disc  •— 
if  one,  for  example,  be  later  than  the  other  two — the 
mirror  will  have  time  to  revolve  through  an  indefinitely 
small  arc  in  the  interval  between  the  reflection  of  the 
two  sparks  and  the  single  one.  However,  the  only  in- 
dication of  this  small  motion  of  the  mirror  will  be,  that 
the  single  spark  will  not  be  reflected  in  the  same  straight, 
line  with  the  other  two,  but  a  little  above  or  below  it, 
for  the  reflection  of  all  three  will  still  be  apparently 
simultaneous,  the  time  intervening  being  much  too  short 
to  be  appreciated. 

Since  the  distance  of  the  revolving  mirror  from  the 
disc,  and  the  number  of  revolutions  which  it  makes  in 
a  second,  are  known,  the  deviation  of  the  reflection  of 
the  single  spark  from  the  reflection  of  the  other  two  can 
be  computed,  and  consequently  the  time  elapsed  between 
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their  consecutive  reflections  can  be  ascertained.  And  as 
the  length  of  that  part  of  the  wire  through  which  the 
electricity  has  passed  is  given^  its  velocity  may  be  found. 

Since  the  number  of  pulses  in  a  second  requisite  to 
produce  a  musical  note  of  any  pitch  is  known^  the 
number  of  revolutions  accomplidied  by  the  mirror  in  a 
given  time  is  determined  from  the  musical  note  pro- 
duced by  a  tooth  or  peg  in  its  axis  of  rotation  striking 
against  a  card^  or  from  the  notes  of  a  siren  attached  to 
the  axis.  It  was  thus  that  Mr.  Wheatstone  found  the 
velocity  of  the  mirror  to  be  such^  that  an  angular  devi. 
ation  of  25^  in  the  appearance  of  the  two  sparks  would 
indicate  an  interval  not  exceeding  the  millionth  of  a 
second.  The  use  of  sound  as  a  measure  of  velocity  is  a 
happy  illustration  of  the  connexion  of  the  physical 
sciences. 

When  the  atmosphere  is  highly  charged  with  elec. 
tricity,  it  not  unfrequendy  happens  that  electric  light 
in  the  form  of  a  star  is  seen  on  the  topmasts  and  yard- 
arms  of  ships.  In  1831^  the  French  officers  at  Algiers 
were  surprised  to  see  brushes  of  light  on  the  heads  of 
their  comrades^  and  at  the  points  of  their  fingers,  when 
they  held  up  their  hands.  This  phenomenon  was  well 
known  to  the  andents^  who  reckoned  it  a  lucky  omen. 

Many  substances  in  decaying  emit  lights  which  is 
attributed  to  electricity^  such  as  fish  and  rotten  wood. 
Oyster  shells^  and  a  variety  of  minends^  become  phos. 
phorescent  at  certain  temperatures^  or  when  exposed  to 
electric  shocks.  The  minerals  possessing  this  property 
are  generally  coloured  or  imperfectly  transparent ;  and 
though  the  colour  of  this  light  varies  in  different  sub- 
stances^ it  has  no  fixed  relation  to  the  colour  of  the 
mineral.  An  intense  heat  entirely  destroys  this  pro- 
perty, and  the  phosphorescent  light  devebped  by  heat 
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has  no  connection  with  light  produced  hy  friction^  for 
Sir  David  Brewster  observed^  that  bodies  deprived 
of  the  faculty  of  emitting  the  one  are  still  capable  of 
giving  out  the  other.  Among  the  bodies  which  gene- 
rally become  phosphorescent  when  exposed  to  heat,  there 
are  some  specimens  which  do  not  possess  this  property, 
wherefore  phosphorescence  cannot  be  regarded  as  an 
essential  character  of  the  minerals  possessing  it.  Mul- 
titudes of  fish  are  endowed  with  the  power  of  emitting 
light  at  pleasure,  no  doubt  to  enable  them  to  pursue 
their  prey  at  depths  where  the  sunbeams  cannot  pene- 
trate. Flashes  of  light  are  frequently  seen  to  dart  along 
a  shoal  of  herrings  or  pilchards,  and  the  Medusa  tribes 
are  noted  for  their  phosphorescent  brilliancy,  many  of 
which  are  extremely  small,  and  so  numerous  as  to  make 
the  wake  of  a  vessel  look  like  a  stream  of  silver. 
Nevertheless,  the  luminous  appearance  which  is  fre- 
quently observed  in  the  sea  during  the  summer  months 
cannot  always  be  attributed  to  marine  animalcule,  as 
the  following  narrative  will  show  :  — 

Captain  Bonny  castle,  coming  up  the  Gulf  of  St. 
Lawrence  on  the  7th  of  September,  1826',  was  roused 
by  the  mate  of  the  vessel  in  great  alarm  from  an 
unusual  appearance.  It  was^  a  starlight  night,  when 
suddenly  the  sky  became  overcast  in  the  direction  of 
the  high  land  of  Cornwallis  country,  and  an  in- 
stantaneous and  intensely  vivid  light,  resembling  the 
aurora,  shot  out  of  the  hitherto  gloomy  and  dark  sea  on 
the  lee  bow,  which  was  so  brilliant  that  it  lighted  every 
thing  distinctly  even  to  the  mast-head.  The  light 
spread  over  the  whole  sea  between  the  two  shores,  and 
the  waves,  which  before  had  been  tranquil,  now  b^an 
to  be  agitated.  Captain  Bonnycasde  describes  the  scene 
as  that  of  a  blazing  sheet  of  awful  and  most  brilliant 
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Hght.  A  long  and  vivid  line  of  light^  superior  in  bright- 
ness to  the  parts  of  the  sea  not  immediately  near  the 
vessel,  shoTved  the  base  of  the  high^  frowning^  and  dark 
land  abreast ;  the  sky  became  lowering  and  more  in^ 
tensely  obscure.  Long  tortuous  lines  of  light  showed 
immense  numbers  of  very  large  fish  darting  about  as  if 
in  consternation.  The  spritsail-yard  and  mizen-boom 
were  lighted  by  the  reflection,  as  if  gas  Ughts  had  been 
burning  directly  below  them;  and  until  just  before  day- 
break, at  four  o'clock,  the  most  minute  objects  were 
distinctly  visible.  Day  broke  very  slowly,  and  the  sun 
rose  of  a  fiery  and  threatening  aspect.  Rain  followed. 
Captain  Bonnycastle  caused  a  bucket  of  this  fiery  water 
to  be  drawn  up ;  it  was  one  mass  of  h'ght  when  stirred 
by  the  hand,  and  not  in  sparks  as  usual,  but  in  actual 
coruscations.  A  portion  of  the  water  preserved  its  lumi- 
nosity for  seven  nights.  On  the  third  night,  the  scin* 
tiUations  of  the  sea  reappeared;  this  evening  the  sun 
went  down  very  singularly,  exhibiting  in  its  descent  a 
double  sun,  and  when  only  a  few  degrees  high,  its  sphe- 
rical figure  changed  into  that  of  a  long  cylinder,  which 
reached  the  horizon.  In  the  night  the  sea  became 
nearly  as  luminous  as  before,  but  on  the  fifth  night 
the  appearance  entirely  ceased.  Captain  Bonnycastle 
does  not  think  it  proceeded  from  animalculse,  but 
imagines  it  might  be  some  compound  of  phosphorus, 
suddenly  evolved  and  disposed  over  the  surface  of  the 
sea ;  perhaps  from  the  exuviae  or  secretions  of  fish 
connected  with  the  oceanic  salts,  muriate  of  soda,  and 
sulphate  of  magnesia. 

The  aurora  borealis  is  decidedly  an  electrical  pheno- 
menon, which  takes  place  in  the  highest  regions  of  the 
atmosphere,  since  it  is  visible  at  the  same  time  from 
places  very  far  distant  from  each  other.     It  is  somehow 
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connected  with  the  magnetic  poles  of  the  earthy  but  it 
has  neyer  been  seen  so  far  north  as  ihe  pole  of  the  earth's 
rotation^  nor  does  it  extend  to  low  latitudes.  It  gene- 
rally appears  in  the  fbnn  of  a  luminous  arch^  stretching 
more  or  less  from  east  to  west^  but  never  from  north  to 
south  ;  across  the  arch  the  coruscations  are  rapid^  vivid^ 
and  of  various  colours.  A  similar  phenomenon  occurs 
in  the  high  latitudes  of  the  southern  hemisphere.  Dr. 
Faraday  conjectures  that  the  electric  equilibrium  of  the 
earth  is  restored  by  the  aurora  conveying  the  electricity 
from  the  poles  to  the  equator. 
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SECTION  XXVIII. 

VOLTAIC    SLSCTAICITT.  —  THE    VOLTAIC    BATTERY. lyTEKSITT. 

—  QUANTITY.  COMPARISON    OP   THE    ELECTRICITY   OF   TEN- 
SION WITH  ELECTRICITY  IN  MOTION.  —  LUMINOUS  EFFECTS.  — 

DECOMPOSITION    OF    WATER. FORMATION    OF    CRYSTALS  BY 

VOLTAIC  ELECTRICITY.  ELECTRICAL  FISH. 

Voltaic  electricity  is  of  that  peculiar  kind  which  is 
elicited  hy  the  force  of  chemical  action.  It  is  con- 
nected with  one  of  the  most  hrilliant  periods'^of  British 
science^  from  the  splendid  discoveries  to  which  it  led 
Sir  Humphry  Davy ;  and  has  acquired  additional  inter- 
est since  the  discovery  of  the  reciprocal  action  of  Voltaic 
and  magnetic  currents^  which  has  proved  that  magnetism 
is  only  an  effect  of  electricity^  and  has  no  existence  as  a 
distinct  or  separate  principle.  Consequently  Voltaic 
electricity^  as  immediately  connected  with  the  theory  of 
the  earth  and  planets,  forms  a  part  of  the  physical  ac- 
count of  their  nature. 

In  1790,  while  Galvani,  Professor  of  Anatomy  in 
Bologna,  was  making  experiments  on  electricity,  he 
was  surprised  to  see  convulsive  motions  in  the  limhs 
of  a  dead  frog  accidentally  lying  near  the  machine 
during  an  electrical  discharge.  Though  a  similar  ac- 
tion had  been  noticed  long  before  his  time,  he  was  so 
much  struck  with  this  singular  phenomenon,  that  he 
examined  all  the  circumstances  carefully,  and  at  length 
found  that  convulsions  take  place  when  the  nerve  and 
muscle  of  a  frog  are  connected  by  a  metallic  con- 
ductor. This  excited  the  attention  of  all  Europe ;  and 
it  was  not  long  before  Professor  Volta,  of  Payia,  showed 
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that  the  mere  contact  of  different  bodies  is  sufficient 
to  disturb  electrical  equilibrium^  and  that  a  current 
of  electricity  flows  in  one  direction  through  a  cir- 
cuit of  three  conducting  substances.  From  this  he 
was  led^  by  acute  reasoning  and  experiment^  to  the 
construction  of  the  Voltaic  pile^  which^  in  its  early 
form^  consisted  of  alternate  discs  of  zinc  and  copper^ 
separated  by  pieces  of  wet  cloth^  the  extremities  being 
connected  by  wires.  This  simple  apparatus^  perhaps 
the  most  wonderful  instrument  that  has  been  invented 
by  the  ingenuity  of  man,  by  divesting  electricity  of  its 
sudden  and  uncontrollable  violence,  and  giving  in  a 
continued  stream  a  greater  quantity  at  a  diminished 
intensity,  has  exhibited  that  fluid  under  a  new  and 
manageable  form,  possessing  powers  the  most  aston- 
ishing and  unexpected.  As  the  Voltaic  battery  has 
become  one  of  the  most  important  engines  of  physical 
research,  some  account  of  its  present  condition  may  not 
be  out  of  place. 

The  disturbance  of  electric  equilibrium,  and  a  deve- 
lopment of  electricity,  invariably  accompanies  the 
chemical  action  of  a  fluid  on  metallic  substances,  and 
is  most  plentiful  when  that  action  occasions  oxidation. 
Metals  vary  in  the  quantity  of  electricity  afforded  by 
their  combination  with  oxygen.  But  the  greatest 
abundance  is  developed  by  the  oxidation  of  zinc  by 
weak  sulphuric  acid.  And  in  conformity  with  the  law 
that  one  kind  of  electricity  cannot  be  evolved  without 
an  equal  quantity  of  the  other  being  brought  into  ac- 
tivity, it  is  found  that  the  acid  is  positively,  and  the 
zinc  negatively  electric.  It  has  not  yet  been  ascer- 
tained why  equilibrium  is  not  restored  by  the  contact  of 
these'  two  substances,  which  are  both  conductors,  and 
in  opposite  electrical  states.     However,  the  electrical 
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and  chemical  changes  are  so  connected^  that  unless 
equilibrium  be  restored^  the  action  of  the  add  will  go  on 
languidly^  or  stop  as  soon  as  a  certain  quantity  of  electri- 
city is  accumulated  in  it.  Equilibrium^  nevertheless, 
will  be  restored^  and  the  action  of  the  acid  will  be  con- 
tinuous^ if  a  plate  of  copper  be  placed  in  contact  with 
the  zinc^  both  being  partly  immersed  in  the  fluid ;  for 
the  copper^  not  being  acted  upon  by  the  acid^  will  serve 
as  a  conductor  to  convey  the  positive  electricity  from 
the  add  to  the  zinc^  and  will  at  every  instant  restore 
the  equilibrium,  and  then  the  oxidation  of  the  zinc  will  go 
on  rapidly.  Thus^  three  substances  are  concerned  in 
forming  a  voltaic  circuity  but  it  is  indispensable  that  one 
of  them  should  be  a  fluid.  The  electridty  so  obtained 
will  be  very  feeble^  but  it  may  be  augmented  by  in- 
creasing the  number  of  plates.  In  the  common  voltaic 
battery,  the  electridty  which  the  fluid  has  acquired  from 
the  first  plate  of  zinc  exposed  to  its  action,  is  taken  up 
by  the  copper  plate  belonging  to  the  second  pair,  and 
transferred  to  the  second  zinc  plate,  with  which  it  is 
connected.  The  second  plate  of  zinc  having  thus  ac- 
quired a  larger  portion  of  electridty  than  its  natural 
share,  communicates  a  larger  quantity  to  the  fluid  in 
the  second  cell.  This  increased  quantity  is  again 
transferred  to  the  next  pair  of  plates ;  and  thus  every 
succeeding  alternation  is  productive  of  a  further  in- 
crease in  the  quantity  of  the  electridty  developed. 
This  action,  however,  would  stop  unless  a  vent  were 
given  to  the  accumulated  electridty,  by  establishing  a 
communication  between  the  positive  and  negative  poles 
of  the  battery^  by  means  of  wires  attached  to  the  extreme 
plate  at  each  end.  When  the  wires  are  brought  into 
contact,  the  voltaic  circuit  is  completed,  the  dectridties 
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meet  and  neutralize  eadi  other^  producing  the  shock 
and  other  electrical  phenomena^  and  tiien  the  electric 
-current  continues  to  flow  uninterruptedly  in  the  circuity 
as  long  as  the  chemical  action  lasts.  The  stream  of 
positive  electricity  flows  from  the  zinc  to  the  obpper, 
but^  as  the  battery  ends  in  a  zinc  plate  which  communi- 
cates with  the  wire^  the  zinc  end  becomes  the  positive^ 
and  the  copper  the  negative^  poles  of  a  compound  bat- 
tery^ which  is  exactly  the  reverse  of  what  obtains  in  a 
single  circuit. 

Galvanic  or  voltaic^  like  common  electricity^  may 
either  be  considered  to  consist  of  two  fluids  passing  in 
opposite  directions  through  the  circuity  tlie  positive 
stream  coming  from  the  zinc^  and  the  negative  from  the 
•copper  end  of  the  battery ;  or^  if  the  hypothesis  of  one 
*fluid  be  adopted^  the  zinc  end  of  the  battery  may  be 
supposed  to  have  an  excess  of  electricity^  and  the  cop^.. 
per  end  a  deficiency. 

Voltaic  electricity  is  distinguished  by  two  marked 
characters.  Its  intensity  increases  with  the  number  of 
plates  ^  its  quantity  with  the  extent  of  their  surfaces. 
The  most  intense  concentration  of  force  is  displayed  by 
a  numerous  series  of  large  plates^  light  and  heat  are 
copiously  evolved^  and  chemical  decomposition  is  ac>- 
complished  with  extraordinary  energy;  whereas  the 
electricity  from  one  pair  of  plates^  whatever  their  size 
may  be^  is  so  feeble  that  it  gives  no  sign  either  of  at- 
traction or  repulsion ;  and^  even  with  a  battery  consisting 
of  a  very  great  number  of  plates,  it  is  dijfficult  to  ren- 
der the  mutual  attraction  of  its  two  wires  sensible^ 
though  of  opposite  electricities. 

The  action  of  voltaic  electricity  diflers  materially 
from  that  of  the  ordinary  kind.  When  a  quantity  of 
common  electricity  is  accumulated,  the  restoration  of 

Digitized  by  VjOOQIC 


SBCT.XXYin*  PROPBBTUBS  OF  VOLTAIC  ELEOTRIOITY.  338 

equilibrium  is  attended  by  an  instantaneous  violent 
explosion,  accompanied  by  the  development  of  lights 
heat,  and  sound.  The  concentrated  power  of  the  fluid 
forces  its  way  through  every  obstacle,  disrupting  and 
destroying  the  cohesion  of  the  particles  of  the  bodies 
through  which  it  passes,  and  occasionally  increasing  its 
destructive  effects  by  the  conversion  of  fluids  into 
steam  from  the  intensity  of  the  momentary  heat,  as 
when  trees  are  torn  to  pieces  by  a  stroke  of  lightning. 
Even  the  vivid  light  which  marks  the  path  of  the  elec 
trie  fluid  is  probably  owing  in  part  to  the  sudden  com- 
pression of  the  air  and  other  particles  of  matter  during 
the  rapidity  of  its  passage,  or  to  the  violent  and  alnrupt 
reunion  of  the  two  fluids.  But  the  instant  equilibrium 
is  restored  by  this  energetic  action  the  whde  is  at  an 
end.  On  the  contrary,  when  an  accumulation  takes 
place  in  a  voltaic  battery,  equilibrium  is  restored  the 
moment  the  circuit  is  completed.  But  so  far  is  the 
electric  stream  from  being  exhausted,  that  it  continues 
to  flow  silently  and  invisibly  in  an  uninterrupted  cur- 
rent supplied  by  a  perpetual  reproduction.  And  al- 
though its  action  on  bodies  is  neither  so  sudden  nor  so 
intense  as  that  of  common  electricity,  yet  it  acquires 
such  power  from  constant  accumulation  and  continued 
action,  that  it  ultimately  surpasses  the  energy  of  the 
other.  The  two  kinds  of  electricity  differ  in  no  dr. 
cumstance  more  than  in  the  development  of  heat. 
Instead  of  a  momentary  evolution,  which  seems  to  arise 
from  a  forcible  compression  of  the  particles  of  matter 
during  the  passage  of  the  common  electric  fluid,  the 
circulation  of  the  voltaic  electricity  is  accompanied  by  a 
continued  development  of  heat,  lasting  as  long  as  the 
circuit  is  complete,  without  producing  either  light  or 
sound;  and  this  appears  to  be  its  immediate  direct 
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effect^  indepencfent  of  mechanical  action.  Its  intensity 
is  greater  than  that  of  any  heat  that  can  be  obtained  by 
artificial  means,  so  that  it  fuses  substances  which  resist 
the  action  of  the  most  powerful  furnaces.  The  tem- 
perature of  every  part  of  a  voltaic  battery  itself  is 
raised  during  its  activity. 

Wlien  the  battery  is  powerful,  the  luminous  e£fect8 
of  voltaic  electricity  are  very  brilliant.  But  consider- 
able intensity  is  requisite  to  enable  the  electricity  to 
force  its  way  tiirough  the  air  on  bringing  the  wires  to- 
gether from  the  opposite  poles.  Its  transit  is  accom- 
panied by  light,  and  in  consequence  of  the  continuous 
supply  of  the  fluid,  sparks  occur  every  time  the  con- 
tact of  the  wires  is  either  broken  or  renewed.  The 
most  splendid  artificial  light  known  is  produced  by 
fixing  pencils  of  charcoal  at  the  extremities  of  the 
wires,  and  bringing  them  into  contact.  This  light  is 
the  more  remarkable,  as  it  appears  to  be  independent 
of  combustion,  since  the  charcoal  suffers  no  change, 
and  likewise  because  it  is  equally  vivid  in  such  gases 
as  do  not  contain  oxygen.  Though  nearly  as  bright 
as  solar  light,  it  differs  from  it  in  possessing  some  of 
those  rays  of  which  the  sunbeams  are  deficient,  accord- 
ing to  the  experimens  of  M.  Fraunhofer.  Notwith. 
standing,  M.  Arago  is  inclined  to  attribute  the  intense 
light  and  heat  of  tiie  sun  to  electric  action. 
.  Voltaic  electricity  is  a  powerful  agent  in  chemical 
analysis.  When  transmitted  throu^  conducting  fluids 
it  separates  them  into  their  constituent  parts,  which  it 
conveys  in  an  invisible  state  through  a  considerable  space 
or  quantity  of  liquid  to  the  poles,  where  they  come  into 
evidence.  Numerous  instances  might  be  given,  but 
the  decomposition  of  water  is  perhaps  the  most  simple 
and  elegant*    Suppose  a  glass  tub^  filled  with  very 
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pure  water,  and  corked  at  both  ends ;  if  one  of  the 
wires  of  an  active  voltaic  battery  be  made  to  pass 
through  one  cork  and  the  other  through  the  other  cork^ 
into  the  water^  so  that  the  extremities  of  the  two  wires 
shall  be  opposite  and  about  a  quarter  of  an  inch  asunder^ 
chemical  action  will  immediately  take  place^  and  gas 
will  continue  to  rise  from  the  extremities  of  both  wires 
till  the  water  has  vanished.  If  an  electric  spark  be  then 
sent  through  the  tube  the  water  will  reappear.  By  ar- 
ranging the  experiment  so  as  to  have  the  gas  given  out 
by  each  wire  separately,  it  is  found  that  water  consists 
of  two  volumes  of  hydrogen  and  one  of  oxygen.  The 
hydrogen  is  given  out  at  the  positive  wire  of  the  bat- 
tery, and  the  oxygen  at  the  negative.  Electro-chemi- 
cal decomposition  has  generally  been  attributed  to  the 
attraction  of  the  poles  of  the  electrical  machine  and 
voltaic  battery,  whereas  Dr.  Faraday  has  now  accom- 
plished decomposition  through  air  and  water  without 
making  use  of  poles,  or  at  least  without  using  metallic 
terminations  commonly  called  poles.  He,  therefore, 
concludes  that  electro.chemical  decomposition  is  not  to 
be  referred  to  the  attractions  and  repulsions  of  the 
poles.  He  considers  it  to  be  the  result  of  an  internal 
corpuscular  action  exerted  in  the  direction  of  the  elec- 
tric current,  and  that  it  is  due  to  a  force  either  super, 
added  to,  or  giving  a  direction  to  the  ordinary  chemical 
affinity  of  the  body  undergoing  decomposition.  For 
example,  in  the  decomposition  of  water,  the  stream  of 
electricity  issuing  from  the  negative  pole  of  the  battery, 
as  from  a  vent,  gives  the  particles  of  hydrogen  which  it 
meets  with  a  disposition  to  go  to  the  positive  pole,  where- 
as the  stream  of  positive  electricity  coming  through  the 
positive  pole  gives  the  particles  of  oxygen  which  it 
finds  in  its  path  a  tendency  to  go  to  the  negative  wire. 

Digitized  by  VjOOQ  iC 


326  TRANSFERENCE.  8ECT.  ZZVin. 

The  oxides  are  also  decomposed  :  the  oxygen  appears 
at  the  positive  pole,  and  the  metal  at  the  n^atiye. 
The  decomposition  of  the  alkalies  and  earths  hy  Sir 
Humphry  Davy  formed  a  remarkahle  era  in  the  his- 
tory of  science.  Soda^  potass,  lime,  magnesia^  and 
other  substances  heretofore  considered  to  he  simple 
hodies  incapable  of  decomposition,  were  resolved  by 
electric  agency  into  their  constituent  parts,  and  proved 
to  be  metallic  oxides,  by  that  illustrious  philosopher. 
AU  chemical  changes  produced  by  the  electric  fluid  are 
accomplished  on  the  same  principle,  and  it  appears 
that,  in  general,  combustible  substances,  metals,  and 
alkalies  go  to  the  negative  wire,  while  acids  and  oxygen 
are  evolved  at  the  positive.  The  transfer  of  these  sub. 
stances  to  the  poles  is  not  the  least  wonderful  effect  of 
the  voltaic  battery.  Though  the  poles  be  at  a  consi- 
derable distance  from  one  another,  nay,  even  in  separate 
vessels,  if  a  communication  be  only  established  by  a 
quantity  of  wet  thread,  as  the  decomposition  proceeds 
the  component  parts  pass  through  the  thread  in  an  in- 
visible state,  and  arrange  themselves  at  their  respective 
poles.  The  powerful  efficacy  of  voltaic  electricity  in 
chemical  decomposition  arises  from  the  continuance  of 
its  action,  and  its  agency  appears  to  be  most  exerted 
on  fluids  and  substances  which,  by  conveying  the 
electricity  partially  and  imperfectly,  impede  its  progress. 
But  it  is  now  proved  to  be  as  efficacious  in  the  compo- 
sition  as  in  the  decomposition  or  analysis  of  bodies. 

It  had  been  observed  that,  when  metallic  solutions 
are  subjected  to  galvanic  action,  a  deposition  of  metal^ 
generally  in  the  form  of  minute  crystals,  takes  place  on 
the  negative  wire.  By  extending  this  principle,  and 
employing  a  very  feeble  voltaic  action,  M.  Becquerrel 
has  succeeded  in  forming  crystals  of  a  great  proportion 
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of  the  mineral  substances^  precisely  similar  to  those  pro- 
duced by  nature.  The  electric  state  of  metallic  veins 
makes  it  possible  that  many  natural  crystals  may  haye 
taken  their  form  from  the  action  of  electricity  bringing 
their  ultimate  particles^  when  in  solution^  within  the 
narrow  sphere  of  molecular  attraction  already  mentioned 
as  the  great  agent  in  the  formation  of  solids.  Both 
light  and  motion  favour  crystallisation.  Crystals  which 
form  in  different  liquids  are  generally  more  abundant 
on  the  side  of  the  jar  exposed  to  the  light ;  and  it  is 
well  known  that  still  water,  cooled  below  32^,  starts 
into  crystals  of  ice  the  instant  it  is  agitated.  Light 
and  motion  are  intimately  connected  with  dectricity, 
which  may  therefore  have  some  influence  on  the  laws 
of  aggregation;  this  is  the  more  likely,  as  a  feeble 
action  is  alone  necessary,  provided  it  be  continued  for  a 
sufficient  time.  Crystals  formed  rigidly  are  generally 
imperfect  and  soft,  and  M.  Becquerrel  found  that  even 
years  of  constant  voltaic  action  were  necessary  for  the 
crystallisation  of  some  of  the  hard  substances.  If  this 
law  be  general,  how  many  ages  may  be  required  for  the 
formation  of  a  diamond  ! 

Common  electricity,  on  account  of  its  high  tension, 
passes  through  water  and  other  liquids,  as  soon  as  it  is 
formed,  whatever  the  length  of  its  course  may  be. 
Voltaic  electricity,  on  the  contrary,  is  weakened  by  the 
distance  it  has  to  traverse.  Pure  water  is  a  bad  con- 
ductor, but  ice  absolutely  stops  a  current  of  voltaic 
electricity  altogether,  whatever  be  the  power  of  the 
battery,  although  common  electricity  has  sufficient 
tension  to  overcome  its  resistance  Dr.  Faraday  has 
discovered,  that  this  property  is  not  peculiar  to  water, 
that,  with  a  few  exceptions,  bodies  which  do  not  conduct 
.electricity  when  solid,  acquire  that  property  and  are 
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immediately  decomposed  when  they  hecome  fluids  and^ 
in  general^  that  decomposition  takes  place  as  soon  as 
the  solution  acquires  the  capacity  of  conduction^  which 
has  led  him  to  suspect  that  the  power  of  conduction 
may  he  only  a  consequence  of  decomposition. 

Heat  increases  the  conducting  power  of  some  sub- 
stances for  voltaic  electricity^  and  of  the  gases  for  hoth 
kinds.  Dr.  Faraday  has  given  a  new  proof  of  the 
connection  between  heat  and  electricity,  by  showing 
that,  in  general,  when  a  solid  which  is  not  a  metal  be- 
comes fluid,  it  almost  entirely  loses  its  power  of  con- 
ducting heat,  while  it  acquires  a  capacity  for  conducting 
electricity  in  a  high  degree. 

The  galvanic  fluid  aflects  all  the  senses.  Nothing 
can  be  more  disagreeable  than  the  shock,  which  may 
even  be  fatal  if  the  battery  be  very  powerful.  A  bright 
flash  of  light  is  perceived  with  the  eyes  shut,  when  one 
of  the  wires  touches  the  face  and  the  other  the  hand. 
By  touching  the  ear  with  one  wire  and  holding  the 
other,  strange  noises  are  heard,  and  an  acid  taste  is 
perceived  when  the  positive  wire  is  applied  to  the  tip 
of  the  tongue  and  the  negative  wire  touches  some  other 
part  of  it.  By  reversing  the  poles  the  taste  becomes 
alkaline.  It  renders  the  pale  light  of  the  glowworm 
more  intense.  Dead  animals  are  roused  by  it,  as  if 
they  started  again  into  life,  and  it  may  ultimately  prove 
to  be  the  cause  of  muscular  action  in  the  living. 

Several  fish  possess  the  faculty  of  producing  electrical 
effects.  The  most  remarkable  are  the  gymnotus  elec- 
tricus,  found  in  South  America,  and  the  torpedo,  a 
species  of  ray,  frequent  in  the  Mediterranean.  The 
electrical  action  of  the  torpedo  depends  upon  an  appa- 
ratus perfectly  analogous  to  the  voltaic  pile,  which  the 
animal  has  the  power  of  charging  at  will,  consisting 
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of  membranous  columns  filled  throughout  with  lamins^ 
separated  from  one  another  by  a  fluid.  The  absolute 
quantity  of  electricity  brought  into  circulation  by  the 
torpedo  is  so  great^  that  it  effects  the  decomposition  of 
water,  has  power  sujfficient  to  make  magnets^  and  gives 
very  severe  shocks.  It  is  identical  in  kind  with  that 
of  the  galvanic  battery,  the  electricity  of  the  under 
surface  of  the  fish  being  the  same  with  the  negative 
pole,  and  that  in  the  upper  surface  the  same  with  the 
positive  pole.  Its  manner  of  action  is,  however,  some- 
what  different,  for,  although  the  evolution  of  the  elec- 
tricity is  continued  for  a  sensible  time,  it  is  interrupted, 
being  communicated  by  a  succession  of  discharges. 
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POLES THEIB  NUMBER  AND  POSITION. DIURNAL  AND  NOC- 
TURNAL TARIATIOVS. THE  DIP.  THE  MAGNETIC  EQUATOR. 

—  ITS  POSITION.  -»  VARIATION  IN  THE  DIP.  ^- CAUSE  OF  MAG- 
NETIC CHANGES  UNKNOWN. ORIGIN  OF  THE  MARINER's  COM- 
PASS.   NATURAL  MAGNETS.  —  ARTIFICIAL  MAGNETS.  PO- 
LARITY. —  INDUCTION.  INTENSITY.  —  HYPOTHESIS   OF   TWO 

MAGNETIC  FLUIDS.  —  DISTRIBUTION  OF  THE  MAGNETIC  FLUID. 
ANALOGY  BETWEEN  MAGNETISM  AND  ELECTRICITY. 


In  order  to  explain  the  other  methods  of  exciting 
electricity^  and  the  recent  discoveries  that  have  heen 
made  in  that  science^  it  is  necessary  to  he  acquainted 
with  the  general  theory  of  magnetism^  and  also  with 
the  magnetism  of  the  earthy  the  director  of  the  mariner's 
compass^  his  guide  through  the  ocean.  Its  influence 
extends  over  every  part  of  the  earth's  surface^  hut  its 
action  on  the  magnetic  needle  determines  the  poles  of 
this  great  magnet,  which  hy  no  means  coincide  with 
the  poles  of  the  earth's  rotation.  In  consequence  of 
their  attraction  and  repulsion^  a  needle  freely  suspended^ 
whether  it  he  magnetic  or  not^  only  remains  in  equilihrio 
when  in  the  magnetic  meridian^  that  is^  in  the  plane 
which  passes  through  the  north  and  south  magnetic 
poles.  There  are  places  where  the  magnetie  meridian 
coincides  with  the  terrestrial  meridian.  In  these  a 
magnetic  needle  freely  suspended  points  to  the  true 
north;  hut^  if  it  he  carried  successively  to  different 
places  on  the  earth's  surface^  its  direction  will  deviate 
sometimes  to  the  east  and  sometimes  to  the  west  of 
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north.  Lines  drawn  on  the  glohe^  through  all  the 
places  where  the  needle  points  due  north  and  souths 
are  called  lines  of  no  variation^  and  they  are  extremely 
complicated.  The  direction  of  the  needle  is  not  even 
constant  in  the  same  place^  hut  changes  in  a  few  years 
according  to  a  law  not  yet  determined.  In  l657>  the 
line  of  no  variation  passed  through  London ;  from  that 
time  it  has  moved  slowly^  but  irregularly^  westward^ 
and  is  now  in  North  America.  In  the  year  181d>  Sir 
Edward  Parry,  in  his  voyage  to  discover  the  north- 
west passage  round  America^  sailed  near  the  magnetic 
pole;  and  in  1824,  Captain  Lyon,  on  an  expedition 
for  the  same  purpose,  found  that  the  magnetic  pole 
was  then  situate  in  63°  26'  51^  north  latitude,  and  in 
80°  51'  25"  west  longitude.  It  appears  from  later  re- 
searches, that  the  law  of  terrestrial  magnetism  is  of 
considerable  complexity,  and  the  existence  of  more 
than  one  magnetic  pole  in  either  hemisphere  has  been 
rendered  highly  probable.  That  there  is  one  in  Siberia 
seems  to  be  decided  by  the  recent  observations  of  M. 
Hansteen :  it  is  in  longitude  102°  east  of  Greenwich, 
and  a  little  to  the  north  of  the  60th  degree  of  latitude :  so 
that,  by  these  data,  the  two  magnetic  poles  in  the  northern 
hemisphere  are  about  180°  distant  from  each  other. 
Captain  Roes  places  the  American  magnetic  pole  in 
70°  14'  north  latitude,  and  96°  40'  west  longitude. 

The  needle  is  also  subject  to  diurnal  variations.  In 
our  latitudes  it  moves  slowly  westward  during  the  fore- 
noon, and  returns  to  its  mean  position  about  ten  in  the 
evening;  it  then  deviates  to  the  eastward,  and  again 
returns  to  its  mean  position  about  ten  in  the  morning. 
These  changes  seem  to  be  intimately  connected  with  the 
motion  of  the  sun  with  regard  to  the  magnetic  meri- 
dian.    M.  Kupffer,  of  Casan,  ascertained,  in  the  year 
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1831^  that  there  is  a  nightly^  as  well  as  a  diurnal  vari- 
ation^ depending^  in  his  opinion^  upon  a  variation  in  the 
magnetic  equator. 

A  magnetic  needle^  suspended  so  as  to  be  moveable 
only  in  the  vertical  plane^  dips^  or  becomes  more  and 
more  inclined  to  the  horizon  the  nearer  it  is  brought  to 
the  magnetic  pole^  and  there  becomes  vertical.  Captain 
Lyon  found  that  the  dip  in  the  latitude  and  longitude 
mentioned^  very  near  the  magnetic  pole^  was  86^  32% 
and  Captain  Segelke  determined  it  to  be  69°  38'  at 
Woolwich  in  1830.  According  to  Captain  Sabine^  it 
appears  to  have  been  decreasing  for  the  last  fifty  years, 
at  the  rate  of  three  minutes  annually. 

In  some  places  the  dipping  needle  is  horizontal. 
A  line  passing  through  all  these  points  is  called 
the  magnetic  equator.  The  needle  assumes  every  de- 
gree of  inclination  between  the  magnetic  equator  and 
the  magnetic  poles.  The  magnetic  equator  does  not 
coincide  with  the  terrestrial  equator ;  it  appears  to  be 
an  irregular  curve  passing  round  the  earthy  and  inclined 
to  the  earth's  equator  at  an  angle  of  about  12°,  and 
crossing  it  in  several  points,  the  position  of  which  seem 
still  to  be  uncertain.  According  to  some  accounts,  that 
curve  cuts  the  equator  in  three  points,  whereas  Captain 
Duperrey,  who  crossed  it  repeatedly  during  his  voyage 
of  discovery,  affirms  that,  from  his  own  observations, 
combined  with  those  of  M.  Jules  de  Blosville  and  Cap- 
tain Sabine,  it  crosses  the  terrestrial  equator  in  only 
two  points,  diametrically  opposite  to  one  another,  and 
not  far  from  the  meridian  of  Paris.  One  of  these 
nodes  he  places  in  the  Atlantic,  the  other  in  the  Pacific. 
He  finds  that  the  magnetic  equator  deviates  but  little 
from  the  terrestrial  equator  in  that  part  of  the  South 
Sea  where  there  are  only  a  few  scattered  islands ;  that 
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as  the  islands  become  more  frequent  the  deviation  in- 
creases^ and  arrives  at  a  maximum^  both  to  the  north 
and  souths  in  traversing  the  African  and  American  con- 
tinents; and  that  the  symmetry  of  the  northern  and 
southern  segments  of  this  curve  is  much  greater  than 
was  imagined.' 

The  variation  in  the  dip  arises  from  a  change  in  the 
magnetic  latitude^  caused  by  a  small  annual  translation 
of  the  whole  magnetic  equator  from  east  to  west^  dis- 
covered by  M.  Morlet^  and  confirmed  by  the  investi- 
gations of  M.  Arago. 

If  a  magnetised  needle  freely  suspended^  and  at  rest 
in  the  magnetic  meridian^  be  drawn  any  number  of  de- 
grees from  its  position^  it  will  make  a  certain  number 
of  oscillations  before  it  resumes  its  state  of  rest.  The 
intensity  of  the  magnetic  force  is  determined  from  these 
oscillations  in  the  same  manner  that  the  intensity  of  the 
gravitating  and  electrical  forces  are  known  from  the 
vibrations  of  the  pendulum  and  the  balance  of  torsion^ 
and  in  all  these  cases  it  is  proportional  to  the  square  of 
the  number  of  oscillations  performed  in  a  given  time. 
Consequently^  a  comparison  of  the  number  of  vibrations 
accomphshed  by  the  same  needle,  during  the  same  time^ 
in  different  parts  of  the  earth's  surface^  will  determine 
the  variations  in  the  magnetic  action.  By  this  method 
MM.  de  Humboldt  and  Rossel  have  discovered  that  the 
intensity  of  the  magnetic  force  increases  from  the  equa- 
tor to  the  poles^  where  it  is  probably  at  its  maximum. 
It  appears  to  be  doubled  in  the  ascent  from  the  equator 
to  the  western  limits  of  Baffin's  Bay.  According  to  the 
magnetic  observations  of  Professor  Hansteen,  of  Chris- 
tiania^  the  magnetic  intensity  has  been  decreasing  annu-i 
ally  at  Christiania^  London^  and  Paris^  at  the  rate  of 
its  :235th,  725th,  and  1020th  parts  respectively,  which 
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he  attributes  to  the  revolution  of  the  Siberian  magnetic 
pole.  A  diurnal  yariation  in  the  horizontal  intensity 
has  also  been  observed  by  M.  Hansteen  at  Christiania 
and  by  Mr.  Christie  at  Woolwich. 

The  translation  of  the  magnetic  equator^  the  motion 
of  the  magnetic  poles,  the  changes  in  the  intensity  of 
the  magnetic  force^  and  the  variations  of  the  dipping 
needle  and  mariner's  compass^  have  been  attributed  to 
the  heat  of  the  sun^  and  M.  Hansteen  has  even  found  a 
general  resemblance  between  the  isothermal  lines  and 
the  lines  of  equal  dip  on  the  surface  of  the  earth  ;  yet 
in  the  present  state  of  our  knowledge  they  can  only  be 
regarded  as  effects  of  some  unknown  cause^  and  so  much 
uncertainty  prevails  in  the  magnetic  phenomena  of  the 
earth,  that  the  results  already  obtained  require  to  be 
continually  corrected  by  new  observations. 

The  inventor  of  the  mariner's  compass,  like  most  of 
the  early  benefactors  of  mankind,  is  unknown.  It  is 
even  doubted  which  nation  first  made  use  of  magnetic 
polarity  to  determine  positions  on  the  surface  of  the 
globe.  But  it  is  said  that  a  rude  form  of  the  compass 
was  invented  in  Upper  Asia,  and  conveyed  thence  by 
the  Tartars  to  China^  where  the  Jesuit  missionaries 
found  traces  of  this  instrument  having  been  employed 
as  a  guide  to  land  travellers  in  very  remote  antiquity. 
From  that  the  compass  spread  over  the  £ast,  and  was 
imported  into  Europe  by  the  Crusaders,  and  its  con- 
struction improved  by  an  artist  of  Amalfi,  on  the  coast 
of  Calabria.  It  seems  that  the  Romans  and  Chinese 
only  employed  eight  cardinal  divisions,  which  the  Ger. 
mans  successively  bisected  till  there  were  thirty-two, 
and  gave  the  points  the  names  which  they  still  bear. 

The  variation  of  the  compass  was  unknown  till  Co- 
lumbus,  during  his  first  voyage,   observed   that   the 
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needle  declined  from  the  meridian  as  he  advanced 
across  the  Atlantic.  The  dip  of  the  magnetic  needle 
was  first  noticed  by  Robert  Norman,  in  the  year  1 57^* 

Very  delicate  experiments  have  shown  that  all  bodies 
are  more  or  less  susceptible  of  magnetism.  Many  of 
the  gems  give  signs  of  it ;  cobalt^  titanium,  and  nickel 
sometimes  even  possess  the  properties  of  attraction  and 
repulsion.  But  the  magnetic  agency  is  most  powerfully 
developed  in  iron,  and  in  that  particular  ore  of  iron 
called  the  loadstone,  which  consists  of  the  protoxide  and 
the  peroxide  of  iron,  together  with  small  portions  of 
silica  and  alumina.  A  metal  is  often  susceptible  of 
magnetism  if  it  only  contains  the  ldO,OOOth  part  of  its 
weight  of  iron,  a  quantity  too  small  to  be  detected  by 
any  chemical  test. 

The  bodies  in  question  are  naturally  magnetic,  but 
that  property  may  be  imparted  by  a  variety  of  methods, 
as  by  friction  with  magnetic  bodies,  or  juxtaposition  to 
them;  but  none  is  more  simple  than  percussion.  A  bar 
of  hard  steel,  held  in  the  direction  of  the  dip,  will  be- 
come a  magnet  on  receiving  a  few  smart  blows  with  a 
hammer  on  its  upper  extremity ;  and  M.  Hansteen  has 
ascertained  that  every  substance  has  magnetic  poles 
when  held  in  that  position,  whatever  the  materials  may 
be  of  which  it  is  composed. 

One  of  the  most  distinguishing  marks  of  magnetism 
is  polarity,  or  the  property  a  magnet  possesses,  when 
freely  suspended,  of  spontaneously  pointing  nearly  north 
and  south,  and  always  returning  to  that  position  when 
disturbed.  Another  property  of  a  magnet  is  the  attrac. 
tion  of  unmagnetised  iron.  Both  poles  of  a  magnet 
attract  iron,  which  in  return  attracts  either  pole  of  the 
magnet  with  an  equal  and  contrary  force.  The  mag- 
netic intensity  is  most  powerful  at  the  poles,  as  may 
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easily  be  seen  by  dipping  the  magnet  into  iron  filings^ 
which  will  adhere  abundantly  to  each  pole^  while 
scarcely  any  attach  themselves  to  the  intermediate  parts. 
The  action  of  the  magnet  on  unmagnetised  iron  is  con- 
fined to  attraction^  whereas  the  reciprocal  agency  of 
magnets  is  characterised  by  a  repulsive  as  well  as  an 
attractive  force^  for  a  north  pole  repels  a  north  pole, 
and  a  south  repels  a  south  pole.  But  a  north  and  a 
south  pole  mutually  attract  one  another^  which  proves 
that  there  are  two  distinct  kinds  of  magnetic  forces, 
directly  opposite  in  their  effects^  though  similar  in  their 
mode  of  action. 

Induction  is  the  power  which  a  magnet  possesses  of 
exciting  temporary  or  permanent  magnetism  in  such 
bodies  in  its  vicinity  as  are  capable  of  receiving  it.    By 
this  property  the  mere  approach  of  a  magnet  renders 
iron  or  steel  magnetic^  the  more  powerfully  the  less  the 
distance.    Wlien  the  north  pole  of  a  magnet  is  brought 
near  to^  and  in  the  line  with  an  unmagnetised  iron  bar^ 
the  bar  acquires  all  the  properties  of  a  perfect  magnet^ 
the  end  next  the  north  pole  of  the  magnet  becomes 
a  south  pole^  while  the  remote  end  becomes  a  north 
pole.     Exactly  the  reverse  takes  place  when  the  south 
pole  is  presented  to  the  bar ;  so  that  each  pole  of  a- 
magnet  induces  the  opposite  polarity  in  the  adjacent 
end  of  the  bar^  and  the  same  polarity  in  the  remote 
extremity;  consequently  the  nearest  extremity  of  the 
bar  is  attracted^  and  the  farther  repelled^  but  as  the 
action  is  greater  on  the  adjacent  than  on  the  distant  ^ 
part^  the  resulting  force  is  that  of  attraction.     By  in- 
duction,  the  iron  bar  not  only  acquires  polarity^  but  the 
power  of  inducing  magnetism  in  a  third  body ;   and 
although  all  these  properties  vanish  from  the  iron  as 
soon  as  the  magnet  is  removed^  a  lasting  increase  of 
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intensity  is  generally  imparted  to  the  magnet  itself  by 
the  reaction  of  the  temporary  magnetism  of  the  iron. 
Iron  acquires  magnetism  more  rapidly  than  steely  yet  it 
loses  it  as  quickly  on  the  removal  of  the  magnet,  whereas 
the  steel  is  impressed  with  a  lasting  polarity. 

A  certain  time  is  requisite  for  the  induction  of  mag- 
netism^ and  it  may  he  accelerated  by  any  thing  that 
excites  a  vibratory  motion  in  the  particles  of  the  steel, 
such  as  the  smart  stroke  of  a  hammer,  or  heat  sue- 
ceeded  by  sudden  cold.  A  steel  bar  may  be  converted 
into  a  magnet  by  the  transmission  of  an  electric  dis- 
charge through  it,  and  as  its  efficacy  is  the  same  in 
whatever  direction  the  electricity  passes,  the  magnetism 
arises  from  its  mechanical  operation  exciting  a  vibration 
among  the  particles  of  the  steel.  It  has  been  observed 
that  the  particles  of  iron  easily  resume  their  neutral 
state  after  induction,  but  that  those  of  steel  f esist  the 
restoration  of  magnetic  equilibrium,  or  a  return  to  the 
neutral  state :  it  is  therefore  evident,  that  any  cause 
which  removes  or  diminishes  the  resistance  of  the  par- 
ticles will  tend  to  destroy  the  magnetism  of  the  steel ; 
consequently,  the  same  mechanical  means  which  deve- 
lope  magnetism  will  also  destroy  it.  On  that  account, 
a  steel  bar  may  lose  its  magnetism  by  any  mechanical 
concussion,  such  as  by  falling  on  a  hard  substance,  a 
blow  with  a  hammer,  and  heating  to  redness,  which 
reduces  the  steel  to  the  state  of  soft  iron.  The  circum. 
stances  which  determine  whether  it  shall  gain  or  lose 
being,  its  position  with  respect  to  the  magnetic  equator, 
and  the  higher  or  lower  intensity  of  its  previous  mag> 
netic  state. 

Polarity  of  one  kind  only  cannot  exist  in  any  portion 
of  iron  or  steel,  for  in  whatever  manner  the  intensities 
of  the  two  kinds  of  polarity  may  be  difiused  through  a 

Digitized  by  VjOOQIC 


S38  LAW   OF    THE   MAONETIO   FOROE.       tmCT.  XXIX* 

magnet^  they  exactly  balance  or  compensate  one  another. 
The  northern  polarity  is  confined  to  one  half  of  a 
magnet^  and  the  southern  to  the  other,  and  they  are 
generally  concentrated  in  or  near  the  extremities  of  the 
bar.  When  a  magnet  is  broken  across  its  middle^  each 
fragment  is  at  once  converted  into  a  perfect  magnet ; 
the  part  which  originally  had  a  north  pole  acquires  a 
south  pole  at  the  fractured  end ;  the  part  that  originally 
had  a  south  pole  gets  a  north  pole ;  and  as  far  as  me- 
chanical  division  can  be  carried^  it  is  found  that  eadi 
fragment  however  small^  is  a  perfect  magnet. 

A  comparison  of  the  number  of  vibrations  accom- 
plished by  the  same  needle^  during  the  same  time^  at 
different  distances  from  a  magnet^  gives  the  law  of 
magnetic  intensity^  whieh^  like  every  known  force  that 
emanates  from  a  centre^  follows  the  inverse  ratio  of  the 
square  of  the  distance^  a  law  that  is  not  affected  by  the 
intervention  of  any  substance  whatever  between  the 
magnet  and  the  needle^  provided  that  substance  be  not 
itself  susceptible  of  magnetism.  Induction  and  the  re- 
ciprocal action  of  magnets  are^  therefore,  subject  to  the 
laws  of  mechanics,  but  the  cemposition  and  resoluti<Mi 
of  the  forces  are  complicated,  in  consequence  of  four 
forces  being  constantly  in  activity,  two  in  each  magnet. 

Mr.  Were  Fox,  who  has  paid  much  attention  to  this 
branch  of  the  science,  has  lately  discovered  that  the  law 
of  the  magnetic  force  changes  from  the  inverse  square 
of  the  distance  to  the  simple  inverse  ratio,  when  tlie 
distance  between  two  magnets  is  as  small  as  from  the 
fourth  to  the  eighth  of  an  inch,  or  even  as  much  as  half 
an  inch  when  the  magnets  are  large.  He  found,  that 
in  the  case  of  repulsion,  the  change  takes  place  at  a  stiH 
greater  distance,  especially  when  the  two  magnets  differ 
materially  in  intensity.  . 
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The  phenomena  of  magnetism  may  he  explained  on 
the  hypothesis  of  two  extremely  rare  fluids  pervading 
all  the  particles  of  iron^  and  incapahle  of  leaving  them. 
Whether  the  particles  of  these  fluids  are  coincident  with 
the  molecules  of  the  iron^  or  that  they  only  fiU  the  in- 
terstices hetween  them^  is  unknown  and  immaterial. 
But  it  is  certain  that  the  sum  of  all  the  magnetic 
molecules^  added  to  the  sum  of  all  the  spaces  hetween 
them^  whether  occupied  hy  matter  or  not,  must  he 
equal  to  the  whole  volume  of  the  magnetic  hody. 
When  the  two  fliiids  in  question  are  combined  they  are 
inert,  so  that  the  substances  containing  them  show  no 
signs  of  magnetism ;  but  when  separate  they  are  active, 
the  molecules  of  each  of  the  fluids  attracting  those  of 
the  opposite  kind,  and  repelling  those  of  the  same 
kind.  The  decomposition  of  the  united  fluids  is  ac- 
complished by  the  inductive  influence  of  either  of  the 
separate  fluids ;  that  is  to  say,  a  ferruginous  body  ac- 
quires polarity  by  the  approach  of  either  the  south  or 
north  pole  of  a  magnet.  The  electric  fluids  are  con. 
fined  to  the  surfaces  of  bodies,  whereas  the  magnetic 
fluids  pervade  each  molecule  of  the  mass ;  besides,  the 
electric  fluid  has  a  perpetual  tendency  to  escape,  and 
does  escape,  when  not  prevented  by  the  coercive  power 
of  the  surrounding  air  and  other  non-conducting  bodies. 
Such  a  tendency  does  not  exist  in  the  magnetic  flidds, 
which  never  quit  the  substance  that  contains  them 
under  any  circumstances  whatever  ;  nor  is  any  sensible 
quantity  of  either  kind  of  polarity  ever  transferred  from 
one  part  to  another  of  the  same  piece  of  steel.  It  ap- 
pears that  the  two  magnetic  fluids,  when  decomposed 
by  the  influence  of  magnetising  forces,  only  undergo  a 
displacement  to  an  insensible  degree  within  the  body. 
The  action  of  all  the  particles  so  displaced  upon  a  par- 
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tide  of  the  magnetic  fluid  in  any  particular  situation^ 
compose  a  resultant  force^  the  intensity  and  direction  of 
which  it  is  the  province  of  the  analyst  to  determine. 
In  this  manner  M.  Poisson  has  proved  that  the  result 
of  the  action  of  all  the  magnetic  elements  of  a  magne- 
tised body^  is  a  force  equivalent  to  the  action  of  a  very 
thin  stratum  covering  the  whole  surface  of  a  body^  and 
consisting  of  the  two  fluids — the  austral  and  the  boreal^ 
occupying  different  parts  of  it.  In  other  words,  the  at- 
tractions and  repulsions  externally  exerted  by  a  magnet^ 
are  exactly  the  same  as  if  they  proceeded  from  a  very 
thin  stratum  of  each  fluid  occupying  the  surface  only, 
both  fluids  being  in  equal  quantities,  and  so  distributed 
that  their  total  action  upon  all  the  points  in  the  interior 
of  the  body  are  equal  to  nothing.  Since  the  resulting 
force  is  the  difference  of  the  two  polarities,  its  intensity 
must  be  greatly  inferior  to  that  of  either. 

In  addition  to  the  forces  already  mentioned,  there  must 
be  some  coercive  force  analogous  to  friction,  which  arrests 
the  particles  of  both  fluids,  so  as  first  to  oppose  their  se- 
paration, and  then  to  prevent  their  reunion.  In  soft  iron 
the  coercive  force  is  either  wanting  or  extremely  feeble, 
since  the  iron  is  easily  rendered  magnetic  by  induction, 
and  as  easily  loses  its  magnetism  ;  whereas  in  steel  the 
coercive  force  is  extremely  energetic,  because  it  prevents 
the  steel  from  acquiring  the  magnetic  properties  rapidly, 
and  entirely  hinders  it  from  losing  them  when  ac- 
quired. The  feebleness  of  the  coercive  force  in  iron, 
and  its  energy  in  steel,  with  regard  to  the  magnetic 
fluids,  is  perfectly  analogous  to  the  facility  of  trans- 
mission afforded  to  the  electric  fluids  by  non-electrics, 
and  the  resistance  they  experience  in  electrics.  At 
every  step  the  analogy  between  magnetism  and  electri- 
city becomes  more  striking.     The  agency  of  attraction 
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and  repulsion  is  common  to  both^  the  positive  and  ne- 
gative electricities  are  similar  to  the  northern  and  south- 
em  polarities^  and  are  governed  by  the  same  laws^ 
namely^  that  between  like  powers  there  is  repulsion^ 
and  between  unlike  powers  there  is  attraction.  Each 
of  these  four  forces  is  capable  of  acting  most  ener- 
getically when  alone^  but  the  electric  equilibrium  is 
restored  by  the  union  of  the  two  electricities^  and  mag- 
netic neutrality  by  the  combination  of  the  two  polarities, 
thus  respectively  neutralising  each  other  when  joined. 
All  these  forces  vary  inversely  as  the  square  of  the  dis- 
tance, and  consequently  come  under  the  same  mecha- 
nical laws.  A  like  analogy  extends  to  magnetic  and 
electrical  induction.  Iron  and  steel  are  in  a  state  of 
equilibrium  when  the  two  magnetic  polarities  conceived 
to  reside  in  them  are  equally  diffused  throughout  the 
whole  mass,  so  that  they  are  altogether  neutral.  But 
this  equilibrium  is  immediately  disturbed  on  the  ap- 
proach of  the  pole  of  a  magnet,  which  by  induction 
transfers  one  kind  of  polarity  to  one  end  of  the  iron  or 
steel  bar,  and  the  opposite  kind  to  the  other, — effects 
exactly  similar  to  electrical  induction.  There  is  even  a 
correspondence  between  the  fracture  of  a  magnet  and 
that  of  an  electric  conductor;  for  if  an  oblong  con- 
ductor be  electrified  by  induction,  its  two  extremities 
will  have  opposite  electricities ;  and  if  in  that  state  it 
be  divided  across  the  middle,  the  two  portions,  when 
removed  to  a  distance  from  one  another,  will  each  re- 
tain the  electricity  that  has  been  induced  upon  it.  The 
analogy,  however,  does  not  extend  to  transference.  A 
body  may  transfer  a  redundant  quantity  of  positive  or 
negative  electricity  to  another,  the  one  gaining  at  the 
expense  of  the  other ;  but  there  is  no  instance  of  a  body 
z  3 
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possessing  only  one  kind  of  polarity.  With  this  ex« 
ception,  there  is  such  perfect  correspondence  hetween 
the  theories  of  magnetic  attractions  and  repulsicms  and 
electric  forces  in  conducting  hodies^  that  they  not  only 
are  the  same  in  principle^  but  are  determined  by  the 
same  formuls.  Experiment  concurs  with  theory  in 
proving  the  identity  of  these  two  unseen  influences. 
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SECTION  XXX. 

DISCOVERT  OF  ELKCTRO-MAONETISM. DEFLECTION  OF  THE  MAG- 
NETIC NEEDLE  £7  A    CURRENT    OF   ELECTRICITY. DIRECTION 

OF  THE  FORCE. ROTATORY   MOTION    BY   ELECTRICITY. RO- 
TATION OF  A  WIRE  AND  A  MAGNET. ROTATION  OF  A  MAGNET 

ABOUT  ITS  AXIS. OF  MERCURY  AND  WATER. ELECTRO-MAG- 
NETIC CYLINDER  OR  HELIX. SUSPENSION    OF  A  NEEDLE  IN  A 

HELIX. ELECTRO-MAGNETIC  INDUCTION. TEMPORARY-  MAG- 
NETS. —  THE  GALYANOMETER. 

The  disturbing  effects  of  the  aurora  borealis  and  light- 
ning on  the  mariner's  compass  had  been  long  known. 
In  the  year  I8I9,  Mr.  Oersted^  Professor  of  Natural 
Philosophy  at  Copenhagen^  discovered  that  a  current  of 
voltaic  electricity  exerts  a  powerful  influence  on  a  mag- 
netised needle.  This  observation  has  given  rise  to  the 
theory  of  electro-magnetism^  the  most  interesting  science 
of  modem  times^  whether  it  be  considered  as  leading  us 
a  step  farther  in  generalization^  by  identifying  two 
agencies  hitherto  referred  to  different  causes^  or  as  de- 
veloping  a  new  force^  unparalleled  in  the  system  of  the 
world,  which,  overcoming  the  retardation  from  friction, 
and  the  obstacle  of  a  resisting  medium,  maintains  a  per- 
petual motion,  often  vainly  attempted,  but  apparently 
impossible  to  be  accomplished  by  means  of  any  other 
force  or  combination  of  forces  than  the  one  in  question. 
When  the  two  poles  of  a  voltaic  battery  are  connected 
by  a  metallic  wire,  so  as  to  complete  a  circuit,  the 
electricity  flows  without  ceasing.  If  a  straight  portion 
of  that  wire  be  placed  parallel  to,  and  horizontally, 
above  a  magnetised  needle  at  rest  in  the  magnetic  me« 
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ridian^  but  freely  poised  like  the  mariner's  compass^  the 
action  of  the  electric  current  flowing  through  the  wire, 
will  instantly  cause  the  needle  to  change  its  position. 
Its  extremity  will  deviate  from  the  north  towards  the 
east  or  west^  according  to  the  direction  in  which  the 
current  is  flowing ;  and  on  reversing  the  direction  of 
the  ^  current,  the  motion  of  the  needle  will  be  reversed 
also.  The  numerous  experiments  that  have  been  made 
on  the  magnetic  and  electric  fluids,  as  well  as  those  on 
^e  various  relative  motions  of  a  magnetic  needle  under 
the  influence  of  galvanic  electricity,  arising  from  all  pos- 
sible positions  of  the  conducting  wire,  and  every  direc- 
tion of  the  voltaic  current,  together  with  all  the  other 
phenomena  of  electro-magnetism,  are  explained  by  Dr. 
Koget  in  some  excellent  articles  on  these  subjects  in  the 
Library  of  Useful  Knowledge. 

All  the  experiments  tend  to  prove  that  the  force 
emanating  from  the  electric  current,  which  produces 
such  eflects  on  the  magnetic  needle^  acts  at  right  angles 
to  the  current,  and  is  therefore  unlike  any  force  hitherto 
known.  The  action  of  all  the  forces  in  nature  is  di- 
rected in  straight  lines,  as  far  as  we  know,  for  the 
curves  described  by  the  heavenly  bodies  result  from  the 
composition  of  two  forces^  whereas,  that  which  is  ex« 
erted  by  an  electrical  current  upon  either  pole  of  a 
magnet  has  no  tendency  to  cause  the  pole  to  approach 
or  recede,  but  to  rotate  about  it.  If  the  stream  of  elec. 
tricity  be  supposed  to  pass  through  the  centre  of  a  circle 
whose  plane  is  perpendicular  to  the  current,  the  direc- 
tion of  the  force  exerted  by  the  electricity  will  always 
be  in  the  tangent  to  the  circle,  or  at  right  angles  to  its 
radius.^  Consequently  the  tangential  force  of  the  elec- 
tricity has  a  tendency  to  make  the  pole  of  a  magnet 

1  Note  214 
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move  in  a  circle  round  the  wire  of  the  battery.  Mr. 
Barlow  has  proved  that  the  action  of  each  particle  of 
the  electric  fluid  in  the  wire,  on  each  particle  of  the 
magnetic  fluid  in  the  needle,  varies  inversely  as  the 
square  of  the  distance. 

Rotatory  motion  was  suggested  by  Dr.  WoUaston. 
Dr.  Faraday  was  the  first  who  actually  succeeded  in 
making  the  pole  of  a  magnet  rotate  about  a  vertical 
conducting  wire.  In  order  to  limit  the  action  of  the 
electricity  to  one  pole,  about  two-thirds  of  a  small 
magnet  was  immersed  in  mercury,  the  lower  end  being 
fastened  by  a  thread  to  the  bottom  of  the  vessel  con- 
taining the  mercury.  When  the  magnet  was  thus 
floating  almost  vertically  with  its  north  pole  above  the 
surface,  a  current  of  positive  electricity  was  made  to 
descend  perpendicularly  through  a  wire  touching  the 
mercury,  and  immediately  the  magnet  began  to  rotate 
from  left  to  right  about  the  wire.  The  force  being  uni- 
form, the  rotation  was  accelerated  till  the  tangential 
force  was  balanced  by  the  resistance  of  the  mercury, 
when  it  became  constant.  Under  the  same  circum- 
stances, the  south  pole  of  the  magnet  rotates  from  right 
to  left.  It  is  evident  from  this  experiment,  that  the 
wire  may  also  be  made  to  perform  a  rotation  round  the 
magnet,  since  the  action  of  the  current  of  electricity  on 
the  pole  of  the  magnet  must  necessarily  be  accompanied 
by  a  corresponding  reaction  of  the  pole  of  the  magnet  on 
the  electricity  in  the  wire.  This  experiment  has  been 
accomplished  by  a  vast  number  of  contrivances,  and 
even  a  small  battery,  consisting  of  two  plates,  has  per- 
formed the  rotation.  Dr.  Faraday  produced  both  mo- 
tions at  the  same  time  in  a  vessel  containing  mercury  ; 
the  wire  and  the  magnet  revolved   in   one   direction 
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about  a  common  centre  of  motion^  each  following  the 
other. 

The  next  step  was  to  make  a  magnet^  and  also  a  cy« 
Under,  revolve  about  their  own  axes,  which  they  do  with 
great  rapidity.  Mercury  has  been  made  to  rotate  by 
means  of  voltaic  electricity,  and  Professor  Ritchie  has 
exhibited  in  the  Royal  Institution  the  singular  spectacle 
of  the  rotation  of  water  by  the  same  means,  while  the 
vessel  containing  it  remained  stationary.  The  water 
was  in  a  hollow  double  cylinder  of  glass,  and  on  being 
made  the  conductor  of  electricity,  was  observed  to  re^ 
volve  in  a  regular  vortex,  changing  its  direction  as  the 
poles  of  the  battery  were  alternately  reversed.  Professor 
Ritchie  found  that  all  the  different  conductors  hitherto 
tried  by  him,  such  as  water,  charcoal,  &c.  give  the  same 
ekctro-magnetic  results,  when  transmitting  the  same 
quantity  of  electricity,  and  that  they  deflect  the  mag. 
netic  needle  in  an  equal  degree,  when  their  respective 
axes  of  conduction  are  at  the  same  distance  from  i€t 
But  one  of  the  most  extraordinary  effects  of  the  new 
force  is  exhibited  by  coiling  a  copper  wire,  so  as  to 
form  a  heHx,  or  corkscrew,  and  connecting  the  ex- 
tremities of  the  wires  with  the  poles  of  a  galvanic 
battery.  If  a  magnetised  steel  bar,  or  needle,  be  placed 
within  the  screw,  so  as  to  rest  upon  the  lower  part, 
the  instant  a  current  of  dectricity  is  sent  through 
the  wire  of  the  helix,  the  steel  bar  starts  up  by  the 
influence  of  this  invisible  power,  and  remains  sus. 
pended  in  the  air  in  opposition  to  the  force  of  gravi- 
tation.i  JThe  effect  of  the  electro-magnetic  power  exerted 
by  each  turn  of  the  wire  is  to  urge  the  north  pole  of  the 
magnet  in  one  direction,  and  the  south  pole  in  the  other. 
The  force  thus  exerted  is  multiplied  in  degree  and  in. 

1  Note  215. 
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creased  in  extent  by  each  repetition  of  the  turns  of  the 
wire,  and  in  consequence  of  these  opposing  forces  the 
bar  remains  suspended.  This  helix  has  all  the  pro- 
perties of  a  magnet  while  the  electrical  current  is  flow* 
ing  through  it^  and  may  be  substituted  for  one  in  almost 
every  experiment.  It  acts  as  if  it  had  a  north  pole  at 
one  extremity  and  a  south  pole  at  the  other,  and  is 
attracted  and  repelled  by  the  poles  of  a  magnet  exactly 
as  if  it  were  one  itself.  All  these  results  depend  upon 
the  course  of  the  electricity ;  that  is,  on  the  direction  of 
the  turns  of  the  screw,  according  as  it  is  from  right  to 
left,  or  from  left  to  right,  being  contrary  in  the  two 
cases. 

The  action  of  voltaic  electricity  on  a  magnet  is  not 
only  precisely  the  same  with  the  action  of  two  magnets 
on  one  another,  but  its  influence  in  producing  tem« 
porary  magnetism  in  iron  and  steel  is  also  the  same 
with  magnetic  induction.  The  term  induction,  when 
applied  to  electric  currents,  expresses  the  power  which 
these  currents  possess  of  inducing  any  particular  state 
upon  matter  in  their  immediate  neighbourhood,  other- 
wise  neutral  or  indifferent.  For  example,  the  connect- 
ing wire  of  a  galvanic  battery  holds  iron  filings  suspended 
like  an  artificial  magnet,  as  long  as  the  current  continues 
to  flow  through  it ;  and  the  most  powerful  temporary 
magnets  that  have  ever  been  made  are  obtained  by 
bending  a  thick  cylinder  of  soft  iron  into  the  form  of  a 
horseshoe,  and  surrounding  it  with  a  coil  of  thick  copper 
wire  covered  with  silk,  to  prevent  communication  be- 
tween its  parts.  When  this  wire  forms  part  of  a 
galvanic  circuit,  the  iron  becomes  so  highly  magnetic, 
that  a  temporary  magnet  of  this  kind,  made  by  Professor 
Henry,  of  the  Albany  Academy,  in  the  United  States^ 
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sustained  nearly  a  ton  weight.  The  iron  loses  its  mag. 
netic  power  the  instant  the  electricity  ceases  to  circulate, 
and  acquires  it  again  as  instantaneously  when  the  circuit 
is  renewed.  Temporary  magnets  have  been  made  by 
Professor  Moll,  of  Utrecht,  upon  the  same  principle, 
capable  of  supporting  200  pounds  weight,  by  means  of 
a  battery  of  one  plate  less  than  half  an  inch  square, 
consisting  of  two  metals  soldered  together.  It  is  truly 
wonderful  that  an  agent,  evolved  by  so  small  an  instru- 
ment, and  diffused  through  a  large  mass  of  iron,  should 
communicate  a  force  which  seems  so  disproportionate. 
Steel  needles  are  rendered  permanently  magnetic  by 
electrical  induction ;  the  effect  is  produced  in  a  moment, 
and  as  readily  by  juxtaposition  as  by  contact ;  the  na- 
ture of  the  poles  depends  upon  the  direction  of  the 
current,  and  the  intensity  is  proportional  to  the  quantity 
of  electricity. 

It  appears,  that  the  principle  and  characteristic 
phenomena  of  tbe  electro-magnetic  science  are,  the 
evolution  of  a  tangential  and  rotatory  force  exerted  be- 
tween a  conducting  body  and  a  magnet ;  and  the  trans- 
verse induction  of  magnetism  by  the  conducting  body 
in  such  substances  as  are  susceptible  of  it. 

The  action  of  an  electric  current  causes  a  deviation  of 
the  compass  from  the  plane  of  the  magnetic  meridian. 
In  proportion  as  the  needle  recedes  from  the  meridian, 
the  intensity  of  the  force  of  terrestrial  magnetism  in- 
creases, while  at  the  same  time  the  electro-magnetic  force 
diminishes ;  the  number  of  degrees  at  which  the  needle 
stops,  showing  where  the  equilibrium  between  these 
two  forces  takes  place,  will  indicate  the  intensity  of 
the  galvanic  current.  The  galvanometer,  constructed 
upon  this  principle,  is  employed  to  measure  the  inten- 
sity of  galvanic  currents  collected  and  conveyed  to  it  by 
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'Wires.  This  instrument  is  rendered  much  more  sensible 
by  neutralizing  the  effects  of  the  earth's  magnetism  on 
the  needle^  which  is  accomplished  by  placing  a  second 
magnetised  needle  so  as  to  counteract  the  action  of  the 
earth  on  the  first,  a  precaution  requisite  in  all  delicate 
magnetical  experiments. 
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SECTION  XXXI. 

KLZCTRO-DYNAMICS.  —  RECIPROCAL    ACTION   OF    ELECTRIC   CUR- 
RENTS.  IDENTITY     OF     ELECTRO-DYNAMIC     CYLINDERS     AND 

MAGNETS. DIFFERENCES  BETWEEN  THE    ACTION   OF   VOLTAIC 

ELECTRICITY  AND  ELECTRICITY  OF  TENSION. VELOCITY  OF  A 

VOLTAIC  CURRENT  UNKNOWN.  —  AMPERE*S  THEORY. 

The  science  of  electro-magnetism^  which  must  render 
the  name  of  M.  Oersted  ever  memorable^  relates  to  the 
reciprocal  action  of  electrical  and  magnetic  currents :  M. 
Ampere^  by  discovering  the  mutual  action  of  electrical 
currents  on  one  another,  has  added  a  new  branch  to 
the  subject,  to  which  he  has  given  the  name  of  electro- 
dynamics. 

When  electric  currents  are  passing  through  two 
conducting  wires,  so  suspended  or  supported  as  to  be 
capable  of  moving  both  towards  and  from  one  an- 
other, they  show  mutual  attraction  or  repulsion,  ac- 
cording as  the  currents  are  flowing  in  the  same  or  in 
contrary  directions ;  the  phenomena  varying  with  the 
relative  inclinations  and  positions  of  the  streams  of 
electricity.  The  mutual  action  of  such  currents, 
whether  they  flow  in  the  same  or  in  contrary  directions, 
whether  they  be  parallel,  perpendicular,  diverging,  con. 
verging,  circular,  or  heliacal,  all  produce  different  kinds 
of  motion  in  a  conducting  wire,  both  rectilineal  and 
circular,  and  also  the  rotation  of  a  wire  helix,  such  as 
that  described,  now  called  an  electro-dynamic  cy. 
Under  on  account  of  some  improvements  in  its  con- 
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struction.i  And  as  the  hypothesis  of  a  force  varying 
inversely  as  the  square  of  the  distance  accords  per- 
feetly  with  all  the  ohserved  phenomena^  these  motions 
come  under  the  same  laws  of  dynamics  and  analysis  as 
any  other  branch  of  physics. 

Electro-dynamic  cylinders  act  on  each  other  precisely 
as  if  they  were  magnets  during  the  time  the  electricity 
is  flowing  through  them.  All  the  experiments  that  can 
he  performed  with  the  cylinder  might  be  accomplished 
with  a  magnet.  That  end  of  the  cylinder  in  which 
the  current  of  positive  electricity  is  moving  in  a  direc- 
tion similar  to  the  motion  of  the  hands  of  a  watch^  acts 
as  the  south  pole  of  a  magnet,  and  the  other  end^  in 
which  the  current  is  flowing  in  a  contrary  direction, 
exhibits  northern  polarity. 

The  phenomena  mark  a  very  decided  difference  be- 
tween the  action  of  electricity  in  motion  or  at  rest^ 
that  is,  between  voltaic  and  common  electricity ;  the 
laws  they  follow  are  in  many  respects  of  an  entirely 
different  nature^  though  the  electricities  themselves 
are  identical.  Since  voltaic  electricity  flows  per« 
petually^  it  cannot  be  accumulated^  and  consequently 
has*  no  tension,  or  tendency  to  escape  from  the  wires 
which  conduct  it.  Nor  do  these  wires  either  attract  or 
repel  light  bodies  in  their  vicinity,  whereas  ordinary 
dectricity  can  be  accumulated  in  insulated  bodies  to  a 
great  degree,  and  in  that  state  of  rest  the  tendency  to 
escape  is  proportional  to  the  quantity  accumulated  and 
the  resistance  it  meets  with.  In  ordinary  electricity, 
the  law  of  action  is,  that  dissimilar  electricities  attract 
and  similar  electricities  repel  one  another.  In  voltaic 
electricity,  on  the  contrary,  similar  currents,  or  such  as 
are  moving  in  the  same  direction,  attract  one  another^ 
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while  a  mutual  repulsion  is  exerted  between  dissimilar 
currents,  or  such  as  flow  in  opposite  directions.  Com- 
mon electricity  escapes  when  the  pressure  of  the  atmp. 
sphere  is  removed^  but  the  electro-dynamical  effects  are 
the  same  whether  the  conductors  be  in  air  or  in  vacuo. 

Although  the  effects  produced  by  a  current  of  elec- 
tricity depend  upon  the  celerity  of  its  motion,  the 
velocity  with  which  it  moves  through  a  conducting 
wire  is  unknown.  We  are  equally  ignorant  whether  it  be 
uniform  or  varied,  but  the  method  of  transmission  has 
a  marked  influence  on  the  results ;  for  when  it  flows 
without  intermission,  it  occasions  a  deviation  in  the 
magnetic  needle,  but  it  has  no  effect  whatever  when  its 
motion  is  discontinuous  or  interrupted,  like  the  current 
produced  by  the  common  electrical  machine  when  a 
communication  is  made  between  the  positive  and  ne- 
gative conductors. 

M.  Ampere  has,  established  a  theory  of  electro- 
magnetism  suggested  by  the  analogy  between  dectro- 
dynamic  cylinders  and  magnets,  founded  upon  the  red* 
procal  attraction  of  electric  currents,  to  which  all  the 
phenomena  of  magnetism  and  electro-magnetism  may 
be  reduced,  by  assuming  that  the  magnetic  properties 
which  bodies  possess,  derive  these  properties  from  cur- 
rents of  electricity  circulating  about  every  part  in  one 
uniform  direction.  Although  every  particle  of  a  mag- 
net p<)Ssess  like  properties  with  the  whole,  yet  the 
general  effect  is  the  same  as  if  the  magnetic  properties 
were  confined  to  the  surface.  Consequently  the  in- 
ternal electro-currents  must  compensate  one  another^ 
and  therefore  the  magnetism  of  a  body  is  supposed  to 
arise  from  a  superficial  current  of  electricity  constantly 
circulating  in  a  direction  perpendicular  to  the  axis  of 
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the  magnet ;  so  that  the  reciprocal  action  of  magnets^ 
and  all  the  phenomena  of  electro.magnetism^  are  re- 
duced to  the  action  and  reaction  of  superficial  currents 
of  electricity  acting  at  right  angles  to  their  direction. 
Notwithstanding  the  experiments  made  hy  M. Ampere  to 
elucidate  the  suhject^  there  is  still  an  uncertainty  in 
the  theory  of  the  induction  of  magnetism  hy  an  electric 
current  in  a  hody  near  it.  It  does  not  appear  whether 
electric  currents  which  did  not  previously  exist  are 
actually  produced  hy  induction^  or  if  its  effect  he  only 
to  give  one  uniform  direction  to  the  infinite  numher 
of  electric  currents  previously  existing  in  the  particles 
of  the  hody^  and  thus  rendering  them  capable  of  ex- 
hibiting magnetic  phenomena^  in  the  same  manner  as 
polarisation  reduces  those  undulations  of  light  to  one 
plane^  which  had  previously  been  performed  in  every 
plane.  Possibly  both  may  be  combined  in  producing 
the  effect ;  for  the  action  of  an  electric  current  may 
not  only  give  a  common  direction  to  those  already 
existing^  but  may  also  increase  their  intensity.  How. 
ever  that  may  be^  by  assuming  that  the  attraction  and 
repulsion  of  the  elementary  portions  of  electric  cur- 
rents vary  inversely  as  the  square  of  the  distance^ 
the  action  being  at  right  angles  to  the  direction  of  the 
current^  it  is  found  that  the  attraction  and  repulsion  of 
a  current  of  indefinite  length  on  the  elementary  portion 
of  a  parallel  current  at  any  distance  from  it^  is  in  the 
simple  ratio  of  the  shortest  distance  between  them. 
Consequently  the  reciprocal  action  of  electric  currents 
is  reduced  to  the  composition  and  resolution  of  forces^ 
so  that  the  phenomena  of  electro-magnetism  are  brought 
under  the  laws  of  dynamics  by  the  theory  of  M.  Ampere* 
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SECTION  XXXII. 


MAGNETO-ELECTRICITY.  —  TOLTA -ELECTRIC    INDUCTION. MAG- 
NETO-ELECTRIC    INDUCTION.  IDENTITY    IN    THE    ACTION    OF 

ELECTRICITY  AND  MAGNETISM. DESCRIPTION  OF  A  MAGNETO- 
ELECTRIC  APPARATUS  AND  ITS  EFFECTS.  IDENTITY  OF  MAG- 
NETISM AND  ELECTRICITY. 


From  the  law  of  action  and  reaction  being  equal  and 
contrary,  it  might  be  expected  that^  as  electricity  power- 
fully affects  magnets^  so^  conversely,  magnetism  ought 
to  produce  electrical  phenomena.  By  proving  this 
very  important  fact  from  the  following  series  of  inte« 
resting  and  ingenious  experiments^  Dr.  Faraday  has 
added  another  branch  to  the  science^  which  he  has 
named  magneto-electricity.  A  great  quantity  of  copper 
wire  was  coiled  in  the  form  of  a  helix  round  one  half 
of  a  ring  of  soft  iron^  and  connected  with  a  galvanic 
battery^  while  a  similar  helix  connected  with  a  galvan- 
ometer was  wound  round  the  other  half  of  the  ring, 
but  not  touching  the  first  helix.  As  soon  as  contact 
was  made  with  the  battery,  the  needle  of  the  galvan- 
ometer was  deflected.  But  the  action  was  transitory; 
for  when  the  contact  was  continued,  the  needle  returned 
to  its  usual  position,  and  was  not  affected  by  the  con- 
tinual flow  of  the  electricity  through  the  wire  connected 
with  the  battery.  As  soon,  however,  as  the  contact 
was  broken,  the  needle  of  the  galvanometer  was  again 
deflected,  but  in  the  contrary  direction.     Similar  effects 
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were  produced  by  an  apparatus  consisting  of  two  helices 
of  copper  wire  coiled  round  a  block  of  wood^  instead  of 
iron^  from  which  Dr.  Faraday  infers  that  the  electric 
current  passing  from  the  battery  through  one  wire^  in- 
duces a  similar  current  through  the  other  wire^  but 
only  at  the  instant  of  contact^  and  that  a  momentary 
current  is  induced  in  a  contrary  direction  when  the 
passage  of  the  electricity  is  suddenly  interrupted.  These 
brief  currents  or  waves  of  electricity  were  found  to  be 
capable  of  magnetising  needles^  of  passing  through  a 
small  extent  of  fluids  and  nvhen  charcoal  points  were 
interposed  in  the  current  of  the  induced  helix^  a  minute 
spark  nvas  perceived  as  often  as  the  contacts  were  made 
or  broken^  but  neither  chemical  action  nor  any  other 
electric  effects  were  obtained.  A  deviation  of  the  needle 
of  the  galvanometer  took  place  when  common  magnets 
were  employed  instead  of  the  voltaic  current ;  so  that 
the  magnetic  and  electric  fluids  are  identical  in  their 
effects  in  this  experiment  Again^  when  a  helix  formed 
of  220  feet  of  copper  wire,  into  which  a  cylinder  of 
soft  iron  was  introduced,  was  placed  between  the  north 
and  south  poles  of  two  bar  magnets,  and  connected 
with  the  galvanometer  by  means  of  wires  from  each 
extremity,  as  often  as  the  magnets  were  brought  into 
contact  with  the  iron  cylinder,  it  became  magnetic  by 
induction,  and  produced  a  deflection  in  the  needle 
of  the  galvanometer.  On  continuing  the  contact,  the 
needle  resumed  its  natural  position,  and  when  the  con- 
tact was  broken,  deflection  took  place  in  the  opposite 
direction;  when  the  magnetic  contacts  were  reversed, 
the  deflection  was  reversed  also.  With  strong  magnets, 
so  powerful  was  the  action,  that  the  needle  of  the  gal- 
vanometer whirled  round  several  times  successively; 
and  similar  effects  were  produced  by  the  mere  approxi- 
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mation  or  removal  of  the  helix  to  the  poles  of  the  mag-* 
nets.  Thus  it  was  proved  that  magnets  produce  the  very 
same  effects  on  the  galvanometer  that  electricity  does. 
Though  at  that  time  no  chemical  decomposition  was  ef- 
fected hy  these  momentary  currents  which  emanate  from 
the  magnets,  they  agitated  the  limhs  of  a  frog ;  and  Dr. 
Faraday  justly  observes,  that  ^'  an  agent  which  is  con- 
ducted along  metallic  wires  in  the  manner  described, 
which,  whilst  so  passing,  possesses  the  peculiar  mag- 
netic actions  and  force  of  a  current  of  electricity, 
which  can  agitate  and  convulse  the  limbs  of  a  frog,  and 
which  finally  can  produce  a  spark  by  its  discharge 
through  charcoal,  can  only  be  electricity."  Hence  it 
appears  that  electrical  currents  are  evolved  by  mag- 
nets, which  produce  the  same  phenomena  with  the 
electrical  currents  from  the  voltaic  battery :  they, 
however,  differ  materially  in  tliis  respect  —  that  time 
is  required  for  the  exercise  of  the  magnetico-electric 
induction,  whereas  volta-electric  induction  is  instanta- 
neous. 

After  Dr.  Faraday  had  proved  the  identity  of  the 
magnetic  and  electric  fluids  by  producing  the  spark, 
heating  metallic  wires,  and  accomplishing  chemical 
decomposition,  it  was  easy  to  increase  these  effects  by 
more  powerful  magnets  and  other  arrangements.  The 
apparatus  now  in  use  is  in  effect  a  battery,  where  the 
agent  is  the  magnetic,  instead  of  the  voltaic  fluid,  or,  in 
other  words,  electricity,  and  is  thus  constructed. 

A  very  powerful  horse-shoe  magnet,  formed  of  twelve 
steel  plates  in  dose  approximation,  is  placed  in  a  hori- 
zontal position.  An  armature,  consisting  of  a  bar  of 
the  purest  soft  iron,  has  each  of  its  ends  bent  at  right 
angles,  so  that  the  faces  of  those  ends  may  be  brought 
directly  opposite  and  close  to  the  poles  of  the  magnet 
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when  required.  Ten  copper  wires  — covered  with  silk, 
in  order  to  insulate  them  —  are  wound  round  one  half 
of  the  har  of  soft  iron,  as  a  compound  helix  :  ten  other 
wires,  also  insulated,  are  wound  round  the  other  half  of 
the  bar.  The  extremities  of  the  first  set  of  wires  are 
in  metallic  connection  with  a  circular  disc,  which  dips 
into  a  cup  of  mercury,  while  the  ends  of  the  other  ten 
wires  in  the  opposite  direction  are  soldered  to  a  project- 
ing screw-piece,  which  carries  a  slip  of  copper  with 
two  opposite  points.  The  steel  magnet  is  stationary ; 
but  when  the  armature,  together  with  its  appendages, 
is  made  to  rotate  vertically,  the  edge  of  the  disc 
always  remains  immersed  in  the  mercury,  while  the 
points  of  the  copper  slip  alternately  dip  in  it  and  rise 
above  it.  By  the  ordinary  laws  of  induction,  the  arma- 
ture becomes  a  temporary  magnet  while  its  bent  ends 
are  opposite  the  poles  of  the  steel  magnet,  and  ceases  to 
be  magnetic  when  they  are  at  right  angles  to  them.  It 
imparts  its  temporary  magnetism  to  the  helices  which 
concentrate  it ;  and  while  one  set  conveys  a  current  to 
the  disc,  the  other  set  conducts  the  opposite  current  to 
the  copper  slip.  As  the  edge  of  the  revolving  disc  is 
always  immersed  in  the  mercury,  one  set  of  wires  is 
constantly  maintained  in  contact  with  it,  and  the  circuit 
is  only  completed  when  a  point  of  the  copper  slip  dips 
in  the  mercury  also ;  but  the  circuit  is  broken  the 
moment  that  point  rises  above  it.  Thus,  by  the  rota- 
tion of  the  armature,  the  circuit  is  alternately  broken 
and  renewed ;  and  as  it  is  only  at  these  moments  that 
electric  action  is  manifested,  a  brilliant  spark  takes 
place  every  time  the  copper  point  leaves  the  surface  of 
the  mercury.  Platina  wire  is  ignited,  shocks  smart 
enough  to  be  disagreeable  are  given,  and  water  is  de- 
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composed  with  astonishing  rapidity  hj  the  same  means  ; 
which  proves  heyond  a  doubt  the  identity  of  the  mag- 
netic and  electric  agencies^  and  places  Dr.  Faraday, 
whose  experiments  established  the  principle,  in  the  first 
rank  of  experimental  philosophers. 
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SECTION  XXXII L 


KLECTRICITT     PRODUCED     BY     ROTATION. DIRECTION     OF    THE 

CURRENTS. ELECTRICITY  FROM  THE  ROTATION  OF  A  MAGNET. 

—  M.    ARAGO*S    EXPERIMENT    EXPLAINED.  ROTATION    OF    A 

PLATE  OF  IRON  BETWEEN  THE  POLES  OP  A  MAGNET. RE- 
LATION OF  SUBSTANCES  TO  MAGNETS  OF  THREE  KINDS.  — 
THERMO-ELECTRICITY. 


M.  Araoo  discoTered  an  entirely  new  source  of  mag- 
netism in  rotatory  motion.  If  a  circular  plate  of 
copper  be  made  to  revolve  immediately  above  or  below 
a  magnetic  needle  or  magnet^  suspended  in  such  a  man- 
ner tbat  the  magnet  may  rotate  in  a  plane  parallel  to 
that  of  the  copper  plate^  the  magnet  tends  to  follow  the 
circumvolution  of  the  plate ;  or  if  the  magnet  revolves, 
the  i^ate  tends  to  follow  its  motion :  so  powerful  is 
the  effect,  that  magnets  and  plates  of  many  pounds 
weight  have  been  carried  round.  This  is  quite  inde- 
pendent of  the  motion  of  the  air,  since  it  is  the  same 
when  a  pane  of  glass  is  interposed  between  the  magnet 
and  the  copper.  When  the  magnet  and  the  plate  are 
at  rest,  not  the  smallest  effect,  attractive,  repulsive,  or 
of  any  kind,  can  be  perceived  between  them.  In  de. 
scribing  this  phenomenon,  M.  Arago  states  that  it  takes 
place  not  only  with  metals,  but  with  all  substances, 
solids,  liquids,  and  even  gases,  although  the  intensity 
•depends  upon  die  kind  of  substance  in  motion. 
Experiments  made  by  Dr.  Faraday  explain  this  sin- 
gular action.  A  plate  of  copper,  twelve  inches  in 
diameter  and  one  fifth  of  an  inch  thick,  was  placed 
4)etween  the  poles  of  a  powerful  horse-shoe  magnet. 
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and  connected  at  certain  points  with  a  galyanometer  by 
copper  wires.  When  the  plate  was  at  rest  no  eflfect 
was  produced^  but  as  soon  as  the  plate  was  made  to 
revolve  rapidly^  the  galvanometer  needle  was  deflected 
sometimes  as  much  as  90°>  and  by  a  uniform  rotation^ 
the  deflection  was  constantly  maintained  at  45°.  When 
the  motion  of  the  copper  plate  was  reversed,  the  needle 
was  deflected  in  the  contrary  direction^  and  thus  a 
permanent  current  of  electricity  was  evolved  by  an 
ordinary  magnet.  The  intensity  of  the  electricity  col- 
lected by  the  wires,  and  conveyed  by  them  to  the 
galvanometer,  varied  with  the  position  of  the  plate 
relatively  to  the  poles  of  the  magnet. 

The  motion  of  the  electricity  in  the  copper  plate 
may  be  conceived,  by  considering,  that  merely  from 
moving  a  single  wire  like  the  spoke  of  a  wheel  before  a 
magnetic  pole,  a  current  of  electricity  tends  to  flow 
through  it  from  one  end  to  the  other.  Hence,  if  a 
wheel  be  constructed  of  a  great  many  such. spokes,  and 
revolved  near  the  pole  of  a  magnet  in  the  manner  of 
the  copper  disc,  each  radius  or  spoke  will  tend  to  have 
a  current  produced  in  it  as  it  passes  the  pole.  Now, 
as  the  circular  plate  is  nothing  more  than  an  infinite 
number  of  radii  or  spokes  in  contact,  the  currents  will 
flow  in  tlie  direction  of  the  radii  if  a  channel  be  open 
for  their  return,  and  in  a  continuous  plate  that  channd . 
is  afforded  by  the  lateral  portions  on  each  side  of  the 
particular  radius  dose  to  the  magnetic  pole..  This 
hypothesis  is  confirmed  by  observation,  for  the, currents 
of  positive  electricity  set  from  the  centre  to  the  circum- 
ference, and  the  negative  from  the  circumference  to  the 
centre,  and  vice  versd,  according  to  the  position  of  the 
magnetic  poles  and  the  direction  of  rotation.  So  that 
a  collecting  wire  at  the  centre  of  the  copper  plate  coi^  , 
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veys  positive  electricity  to  the  galvanometer  in  one  case, 
and  negative  in  another ;  that  collected  by  a  conducting 
wire  in  contact  with  the  circumference  of  the  plate  is 
always  the  opposite  of  the  electricity  conveyed  from 
the  centre.  It  is  evident  that  when  the  plate  and 
magnet  are  both  at  rest,  no  effect  takes  place,  since  the 
electric  currents  which  cause  the  deflection  of  the  gal- 
vanometer cease  altogether.  The  same  phenomena 
may  be  produced  by  electro-magnets.  The  effects  are 
similar  when  the  magnet  rotates  and  the  plate  remains 
at  rest.  WTien  the  magnet  revolves  uniformly  about 
its  own  axis,  electricity  of  the  same  kind  is  collected  at 
its  poles,  and  the  opposite  electricity  at  its  equator. 

The  phenomena  which  take  place  in  M.  Arago's 
experiments  may  be  explained  on  this  principle.  When 
both  the  copper  plate  and  the  magnet  are  revolving,  thef 
action  of  the  induced  electric  current  tends  continually 
to  diminish  their  relative  motion,  and  to  bring  the 
moving  bodies  into  a  state  of  relative  rest,  so  that  if 
one  be  made  to  revolve  by  an  extraneous  force,  the 
other  will  tend  to  revolve  about  it  in  the  same  direction, 
and  with  the  same  velocity. 

When  a  plate  of  iron,  or  of  any  substance  capable  of 
being  made  either  a  temporary  or  permanent  magnet, 
revolves  between  the  poles  of  a  magnet,  it  is  found  that 
dissimilar  poles  on  opposite  sides  of  the  plate  neutralise 
each  other's  effects,  so  that  no  electricity  is  evolved, 
while  similar  poles  on  each  side  of  the  revolving  plate 
increase  the  quantity  of  electricity,  and  a  single  pole 
end- on  is  sufficient.  But  when  copper,  and  substances 
not  sensible  to  ordinary  magnetic  impressions,  revolve, 
similar  poles  on  opposite  sides  of  the  plate  neutralise 
each  other,  dissimilar  poles  on  each  side  exalt  the  ac- 
tion; and  a  single  pole  at  the  edge  of  the  revolving 
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plate^  or  end-on^  does  nothing.  This  forms  a  test  for 
distinguishing  the  ordinary  magnetic  force  from  that 
produced  by  rotation.  If  unlike  poles,  that  is,  a  north 
and  a  south  pole,  produce  more  effect  than  one  pole, 
the  force  will  be  due  to  electric  currents ;  if  similar 
poles  produce  more  effect  than  one,  then  the  power  is 
not  electric.  These  investigations  show  that  there  are 
really  very  few  bodies  magnetic  in  the  manner  of  iron. 
Dr.Faraday  therefore  arranges  substances  in  three  classes, 
with  regard  to  their  relation  to  magnets.  Those  af- 
fected by  the  magnet  when  at  rest,  like  iron,  steel,  and 
nickel,  which  possess  ordinary  magnetic  properties; 
those  affected  when  in  motion,  in  which  electric  cur- 
rents are  evolved  by  the  inductive  force  of  the  magnet, 
such  as  copper  ;  and  lastly,  those  which  are  perfectly 
indifferent  to  the  magnet,  whether  at  rest  or  in  motion. 
It  has  already  been  observed,  that  three  bodies  are 
requisite  to  form  a  galvanic  circuit,  one  of  which  must 
be  fluid.  But  in  1822,  Professor  Seebeck,  of  Berlin, 
discovered  that  electric  currents  may  be  produced  by 
the  partial  application  of  heat  to  a  circuit  formed  of 
two  solid  conductors.  For  example,  when  a  semicircle 
of  bismuth,  joined  ito  a  semicircle  of  antimony,  so  as  to 
form  a  ring,  is  heated  at  one  of  the  junctions  by  a  lamp, 
a  current  of  electricity  flows  through  the  circuit  from 
the  antimony  to  the  bismuth,  and  such  thermo-electric 
currents  produce  all  the  electro-magnetic  effects.  A 
compass  needle  placed  either  within  or  without  the  dr. 
euit,  and  at  a  small  distance  from  it,  is  deflected  from 
its  natural  position,  in  a  direction  corresponding  to  the 
way  in  which  the  electricity  is  flowing.  If  such  a  ring 
be  suspended  so  as  to  move  easily  in  any  direction,  it 
wiU  obey  the  action  of  a  magnet  brought  near  it,  and 
may  even  be  made  to  revolve.     According  to  the  re- 
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searches  of  M.  Seebeck^  the  same  substance^  unequally 
heated^  exhibits  electrical  currents^  and  M.  Nobili  ob- 
serred  that  in  all  metals^  except  zinc^  iron^  and  anti- 
mony^ the  electricity  flows  firom  the  hot  part  towards 
that  which  is  cold.  That  philosopher  attributes  terres- 
trial magnetism  to  a  difference  in  the  action  of  heat  on 
the  various  substances  of  which  the  crust  of  the  earth 
is  composed  ;  and  in  confirmation  of  his  views  he  has 
produced  electrical  currents  by  the  contact  of  two  pieces 
of  moist  day^  of  which  one  was  hotter  than  tiie  other. 

M.  Becquerel  constructed  a  thermo-electric  battery  of 
one  kind  of  metal^  by  which  he  has  determined  the 
relation  between  the  heat  employed  and  the  intensity  of 
the  resulting  electricity.  He  found  tiiat  in  most  metals 
the  intensity  of  the  current  increases  with  the  heat  to  a 
certain  limits  but  tiiat  this  law  extends  much  farther  in 
metals  that  are  difficult  to  fuse^  and  which  do  not  rust. 
The  experiments  of  Professor  Gumming  show  tiiat  tiie 
mutual  action  of  a  magnet  and  a  tiiermo-dectric  current 
is  subject  to  the  same  laws  as  those  of  magnets,  and  gal- 
vanic currents^  consequentiy  all  the  phenomena  of  repul- 
sion^ attraction^  and  rotation^  may  be  exhibited  by  a 
tiiermo^ectric  current  M.  Bottot^  of  Turin^  has  de- 
composed water  and  some  solutions  by  thermo-electri- 
city; it  is^  however^  so  feeble  that  neitiier  heat^  lights  or 
any  other  effects  of  tension  have  been  perceived. 
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SECTION  XXXIV. 


THE  ACTION  OF   TERRESTRIAL  MAGNETISM    UPON   ELECTRIC    CUR- 
RENTS. —  INDUCTION  OP  ELECTRIC  CURRENTS  BY  TERRESTRIAL 

MAGNETISM. THE  EARTH  MAGNETIC   BY   INDUCTION.  MR. 

barlow's  experiment  of  AN  ARTIFICIAL  SPHERE. —THX 
HEAT  OF  THE  SUN  THS  PROBABLE  CAUSE  OF  ELECTRIC  CUR- 
RENTS IN  THE  CRUST  OF  THE  EARTH  AND  OF  THE  VARIATIONS 
IN  TERRESTRIAL  MAGNETISM.  —  TERRESTRIAL  MAGNETISM 
POSSIBLY    OWING    TO    ROTATION.  —  MAGNETIC    PROPERTIES    OP 

THE   CELESTIAL   BODIES.  IDENTITY    OF   THE    FIVE    KINDS    OF 

ELECTRICITY.  CONNECTION     BETWEEN     LIGHT,     HEAT,     AND 

ELECTRICITY  OR  MAGNETISM. 


In  all  the  experiments  hitherto  described^  artificial  mag- 
nets alone  were  used ;  but  it  is  obvious  that  the  magnet- 
ism  of  the  terrestrial  spheroid^  which  has  so  powerful 
an  influence  on  the  mariner's  compass^  must  also  affect 
electrical  currents.  It  consequently  appears  that  a 
piece  of  copper  wire  bent  into  a  rectangle^  and  free  to 
revolve  on  a  vertical  axis,  arranges  itself  with  its  plane 
at  right  angles  to  the  magnetic  meridian,  as  soon  as  a 
stream  of  electricity  is  sent  through  it.  Under  the  same 
circumstances  a  similar  rectangle,  suspended  on  a  hori- 
zontal axis  at  right  angles  to  the  magnetic  meridian, 
assumes  the  same  inclination  with  the  dipping  needle. 
So  that  terrestrial  magnetism  has  the  same  influence  on 
electrical  currents  as  an  artificial  magnet.  But  the 
magnetic  action  of  the  earth  also  induces  electric  cur- 
rents. WTien  a  hollow  helix  of  copper  wire,  whose 
extremities  are  connected  with  the  galvanometer,  is 
placed  in  the  magnetic  dip,  and  suddenly  inverted  se- 
veral times,  accommodating  the  motion  to  the  osciL 

Digitized  by  VjOOQIC 


SECT.  XXXIV.    EARTH   MAGNETIC   BY    INDUCTION.  S65 

lations  of  the  needle^  the  latter  is  soon  made  to  vibrate 
through  an  arc  of  80°  or  90°.  Hence  it  is  evident, 
that  whatever  may  be  the  cause  of  terrestrial  magnetism, 
it  produces  currents  of  electricity  by  its  direct  inductive 
power  upon  a  metal  not  capable  of  exhibiting  any  of 
the  ordinary  magnetic  properties.  The  action  on  the 
galvanometer  is  much  greater  when  a  cylinder  of  soft 
iron  is  inserted  into  the  helix,  and  the  same  results 
follow  the  simple  introduction  of  the  iron  cylinder  into, 
or  removal  out  of  the  helix.  These  effects  arise  from 
the  iron  being  made  a  temporary  magnet  by  the  induc- 
tive action  of  terrestrial  magnetism,  for  a  piece  of  iron, 
such  as  a  poker,  becomes  a  magnet  for  the  time,  when 
placed  in  the  line  of  the  magnetic  dip. 

M.  Biot  has  formed  a  theory  of  terrestrial  magnetism . 
upon  the  observations  of  M.  de  Humboldt  as  data. 
Assuming  that  the  action  of  the  two  opposite  magnetic 
poles  of  the  earth  upon  any  point  is  inversely  as  the 
square  of  the  distance,  he  obtains  a  general  expression 
for  the  direction  of  the  magnetic  needle,  depending 
upon  the  distance  between  the  north  and  south  mag- 
netic poles ;  so  that  if  one  of  these  quantities  varies, 
the  cprresponding  variation  of  the  other  will  be  known. 
By  making  the  distance  between  the  poles  vary,  and 
comparing  the  resulting  direction  of  the  needle  with  the 
observations  of  M.  de  Humboldt,  he  found  that  the 
nearer  the  poles  are  supposed  to  approach  to  one  another, 
the  more  did  the  computed  and  observed  results  agree ; 
and  when  the  poles  were  assumed  to  coincide,  or  nearly 
80,  the  difference  between  theory  and  observation  was 
the  least  possible.  It  is  evident,  therefore,  that  the 
earth  does  not  act  as  if  it  were  a  permanently  magnetic 
body,  the  distinguishing  characteristic  of  which  is,  to 
have  two  poles  at  a  distance  from  one  another.     Mr. 
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Barlow  has  investigated  this  subject  with  much  skill 
and  success.  He  first  proved  that  the  magnetic  power 
of  an  iron  sphere  resides  in  its  surface  ;  he  then  en- 
quired what  the  superficial  action  of  an  iron  sphere  in 
a  state  of  transient  magnetic  induction^  on  a  magnetised 
needle^  would  be^  if  insulated  from  the  influence  of  ter- 
restrial magnetism.  The  results  obtained^  corroborated 
by  the  profound  analysis  of  M.  Poisson^  on  the  hypo- 
thesis of  the  two  poles  being  indefinitely  near  the  centre 
of  the  sphere,  are  identical  with  those  obtained  by  M. 
Biot  for  the  earth  from  M.  de  Humboldt's  observations. 
WTience  it  follows,  that  the  laws  of  terrestrial  magnet- 
ism deduced  from  the  formulae  of  M.  Biot,  are  incon- 
sistent with  those  which  belong  to  a  permanent  magnet, 
but  that  they  are  perfectly  concordant  with  those  belong- 
ing to  a  body  in  a  state  of  transient  magnetic  induction. 
The  earth,  therefore,  is  to  be  considered  as  only  tran- 
siently magnetic  by  induction,  and  not  a  real  magnet. 
Mr.  Barlow  has  rendered  this  extremely  probable  by 
forming  a  wooden  globe,  with  grooves  admitting  of  a 
copper  wire  being  coiled  round  it  parallel  to  the  equator 
from  pole  to  pole.  When  a  current  of  electricity  was 
sent  through  the  wire,  a  magnetic  needle  suspended 
above  the  globe,  and  neutralised  from  the  influence  of 
the  earth's  magnetism,  exhibited  all  the  phenomena  of 
the  dipping  and  variation  needles,  according  to  its  po- 
sitions with  regard  to  the  wooden  globe.  As  there  can 
be  no  doubt  that  the  same  phenomena  would  be  ex- 
hibited by  currents  of  thermo,  instead  of  voltaic,  elec- 
tricity, if  the  grooves  of  the  wooden  globe  were  filled 
by  rings  constituted  of  two  metals,  or  of  one  metal  un- 
equally heated,  it  seems  highly  probable  that  the  heat 
of  the  sun  may  be  the  great  agent  in  developing  electric 
<;urrents  in  or  near  the  surface  of  tiie  earth,  by  its  ac« 
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tion  upon  the  substances  of  which  the  globe  is  com. 
posed^  and^  by  changes  in  its  intensity^  may  occaiaon 
the  diurnal  variation  of  the  compass^  and  the  other  vi« 
dssitudes  in  terrestrial  magnetism  evinced  by  the  dis« 
turbance  in  the  directions  of  the  magnetic  lines,  in  the 
same  manner  as  it  influences  the  parallelism  of  the  iso- 
thermal lines.  That  such  currents  do  exist  in  metal, 
liferous  veins  appears  from  the  experiments  of  Mr. 
Fox  in  the  Cornish  copper.mines.  However^  it  is 
probable,  that  the  secular  and  periodic  disturbances  in 
the  magnetic  force  are  occasioned  by  a  variety  of 
combining  circumstances.  Among  others,  M.  Biot 
mentions  the  vicinity  of  mountain  chains  to  the  place 
of  observation^  and  still  more  the  action  of  extensive 
volcanic  fires^  which  change  the  chemical  state  of  the 
terrestrial  surface^  they  themselves  varying  from  age  to 
age^  some  becoming  extinct,  while  others  burst  into 
activity. 

It  is  moreover  probable,  that  terrestrial  magnetism 
may  be  owing,  in  a  certain  extent,  to  the  earth's  rota- 
tion. Dr.  Faraday  has  proved  that  all  the  phenomena 
of  revolving  plates  may  be  produced  by  the  inductive 
action  of  the  earth's  magnetism  alone.  If  a  copper 
plate  be  connected  with  a  galvanometer  by  two  copper 
wires,  one  from  the  centre  and  another  from  the  cir- 
cumference, in  order  to  collect  and  convey  the  electricity, 
it  is  found  that,  when  the  plate  revolves  in  a  plane 
passing  through  the  line  of  the  dip^  the  galvanometer  is 
not  affected.  But  as  soon  as  the  plate  is  inclined  to 
that  plane^  electricity  begins  to  be  developed  by  its 
rotation ;  it  becomes  more  powerful  as  the  inclination 
increases,  and  arrives  at  a  maximum  when  the  plate 
revolves  at  right  angles  to  the  line  of  the  dip.  When 
the  revolution  is  in  the  same  direction  with  that  of  the 
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hands  of  a  watch,  the  current  of  electricity  flows  from 
its  centre  to  the  circumference ;  and  when  the  rotation 
is  in  the  opposite  direction,  the  current  sets  the  con- 
trary way.  The  greatest  deviation  of  the  galvanometer 
amounted  to  50°  or  60°,  when  the  direction  of  the 
rotation  was  accommodated  to  the  oscillations  of  the 
needle.  Thus  a  copper  plate,  revolving  in  a  plane  at 
right  angles  to  the  line  of  the  dip,  forms  a  new  electrical 
machine,  differing  from  the  common  plate-glass  machine, 
by  the  material  of  which  it  is  composed  being  the  most 
perfect  conductor,  whereas  glass  is  the  most  perfect  non. 
conductor;  besides,  insulation,  which  is  essential  in 
the  glass  macliine,  is  fatal  in  the  copper  one.  The 
quantity  of  electricity  evolved  by  the  metal  does  not 
appear  to  be  inferior  to  that  developed  by  the  glass, 
though  very  different  in  intensity. 

From  the  experiments  of  Dr.  Faraday,  and  also  from 
theory,  it  is  possible  that  the  rotation  of  the  earth  may 
produce  electric  currents  in  its  own  mass.  In  that  case, 
they  would  flow  superficially  in  the  meridians,  and  if 
collectors  could  be  appHed  at  the  equator  and  poles,  as 
in  the  revolving  plate,  negative  electricity  would  be 
collected  at  the  equator,  and  positive  at  the  poles ;  but 
without  something  equivalent  to  conductors  to  complete 
the  circuit,  these  currents  could  not  exist. 

Since  the  motion,  not  only  of  metals  but  even  of 
fluids,  when  under  the  influence  of  powerful  magnets, 
evolves  electricity,  it  is  probable  that  the  gulf  stream 
may  exert  a  sensible  influence  upon  the  forms  of  the 
lines  of  magnetic  variation^  in  consequence  of  electric 
currents  moving  across  it,  by  the  electro-magnetic 
induction  of  the  earth.  Even  a  ship,  passing  over  the 
surface  of  the  water  in  northern  or  southern  latitudes, 
ought  to  have  electric  currents  running  directly  across 
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the  line  of  her  motioD.  Dr.  Faraday  observes^  that 
such  is  the  facility  with  which  electricity  is  evolved  by 
the  earth's  magnetism^  that  scarcely  any  piece  of  metal 
can  be  moved  in  contact  with  others  without  a  develop- 
ment of  itj  and  consequently^  among  the  arrangements 
of  steam  engines  and  metallic  machinery^  curious  electro- 
magnetic combinations  probably  exists  which  have  never 
yet  been  noticed. 

What  magnetic  properties  the  sun  and  planets  may 
have^  it  is  impossible  to  conjecture^  although  their 
rotation  might  lead  us  to  infer  that  they  are  similar  to 
the  earth  in  this  respect.  According  to  the  observations 
of  MM.  Biot  and  Gay-Lussac^  during  their  aerostatic 
expedition^  the  magnetic  action  is  not  confined  to  the 
surface  of  the  earthy  but  extends  into  space.  A  decrease 
in  its  intensity  is  perceptible^  and  as  it  most  likely 
follows  the  ratio  of  the  inverse  square  of  the  distance^  it 
must  extend  indefinitely.  It  is  probable  that  the  moon 
has  become  highly  magnetic  by  induction^  in  conse- 
quence of  her  proximity  to  the  earthy  and  because  her 
greatest  diameter  always  points  towards  it.  Should  the 
magnetic^  like  the  gravitating  force^  extend  through 
space^  the  induction  of  the  sun^  moon^  and  planets^ 
must  occasion  perpetual  variations  in  the  intensity  of 
terrestrial  magnetism^  by  the  continual  changes  in  their 
relative  positions. 

In  the  brief  sketch  that  has  been  given  of  the  five 
kinds  of  electricity,  those  points  of  resemblance  have 
been  pointed  out  which  are  characteristic  of  one  indi- 
vidual power.  But  as  many  anomaHes  have  been  lately 
removed,  and  the  identity  of  the  different  kinds  placed 
beyond  a  doubt,  by  Dr.  Faraday,  it  may  be  satisfactory 
to  take  a  summary  view  of  the  various  coincidences  in 
their  modes  of  action  on  which  their  identity  has  been 
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SO  ably  and  completely  established  by  that  great  elec- 
trician. 

The  points  of  comparison  are  attraction  and  repul- 
sion at  sensible  distances^  discharged  from  points  through 
air,  the  Seating  power,  magnetic  influence,  chemical 
decomposition,  action  on  the  human  frame,  and  lastly 
the  spark. 

Attraction  and  repulsion  at  sensible  distances,  which 
are  so  eminentiy  characteristic  of  ordinary  electricity, 
and  also  in  a  lesser  degree,  of  the  voltaic  and  magnetic 
currents,  have  not  been  perceived  in  either  the  thermo 
or  animal  electricities,  not  on  account  of  difference  of 
kind,  but  owing  to  inferiority  in  tension ;  for  even 
ordinary  electricity,  when  much  reduced  in  quantity 
and  intensity,  is  incapable  of  exhibiting  these  phe- 
nomena. 

Ordinary  electricity  is  readily  discharged  from  points 
through  air,  but  Dr.  Faraday  found  that  no  sensible 
effect  takes  place  from  a  battery  consisting  of  140 
double  plates,  either  through  air  or  in  the  exhausted 
receiver  of  an  air*pump,  the  tests  of  the  discharge  being 
the  electrometer  and  chemical  action,  —  a  circumstance 
owing  to  the  small  degree  of  tension,  for  an  enormous 
quantity  of  electricity  is  required  to  make  these  effects 
sensible,  and  for  that  reason  they  cannot  be  expected 
from  the  other  kinds,  which  are  much  inferior  in  degree. 
Common  electricity  passes  easily  through  rarefied  and 
hot  air,  and  also  through  flame.  Dr.  Faraday  effected 
chemical  decomposition  and  a  deflection  of  the  galvan- 
ometer by  the  transmission  of  voltaic  electricity  through 
heated  air,  and  observes  that  these  experiments  are  only 
cases  of  the  discharge  which  takes  place  through  air 
between  the  charcoal  terminations  of  the  poles  of  a 
powerful  battery  when  tiiey  are  gradually  separated 
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after  contact — ^for  the  air  is  then  heated.  Sir  Humphry 
Davy  mentions  that^  with  the  original  voltaic  apparatus 
at  the  Royal  Institution^  the  discharge  passed  through 
four  inches  of  air ;  that^  in  the  exhausted  receiver  of 
an  air.pump^  the  electricity  would  strike  through  nearly 
half  an  inch  of  space,  and  the  combined  effects  of  rare, 
faction  and  heat^  upon  the  included  air^  were  such  as  to 
enable  it  to  conduct  the  electricity  through  a  space  of 
six  or  seven  inches.  A  Leyden  jar  may  be  instantane- 
ously charged  with  voltaic^  and  also  with  magneto- 
electricity — another  proof  of  their  tension.  Such  effects 
cannot  be  obtained  from  the  other  kinds^  on  account  of 
their  weakness  only. 

The  heating  powers  of  ordinary  and  voltaic  electricity 
have  long  been  known^  but  the  world  is  indebted  to 
Dr.  Faraday  for  the  wonderful  discovery  of  the  heating 
power  of  the  magnetic  fluid :  there  is  no  indication  of 
heat  either  from  the  animal  or  thermo-electricities.  All 
kinds  of  electricity  have  strong  magnetic  powers^  those 
of  the  voltaic  fluid  are  highly  exalted^  and  the  exist, 
ence  of  the  magneto  and  thermo-electricities  was  dis- 
covered by  their  magnetic  influence  alone.  The  needle 
has  been  deflected  by  all  in  the  same  manner^  and^ 
with  the  exception  of  thermo-electricity,  magnets  have 
been  made  by  all  according  to  the  same  laws.  Ordinary 
electricity  was  long  supposed  incapable  of  deflecting 
the  needle,  and  it  required  Dr.  Faraday's  ingenuity  to 
produce  that  effect.  He  has,  however,  proved  that,  in 
this  respect,  also,  ordinary  electricity  agrees  with  voltaic, 
but  that  time  must  be  allowed  for  its  action.  It  de- 
flected the  needle,  whether  the  current  was  sent  through 
rarefied  air,  water,  or  wire.  Numerous  chemical  de. 
.  compositions  have  been  effected  by  ordinary  and  voltaic 
electricity,  according  to  the  same  laws  and  modes  of 
BB  2 
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arrangement  Dr.  Davy  decomposed  water  by  the  elec- 
tricity of  the  torpedo, —  Dr.  Faraday  accomplished  its 
decomposition,  and  Dr.  Ritchie  its  composition,  by  means 
of  magnetic  action ;  and  M.  Bottot,  of  Turin,  has  shown 
the  chemical  effects  of  the  thermo-electricity  in  the  de- 
composition of  water,  and  some  other  substances.  The 
electric  and  galvanic  shock,  the  flash  in  the  eyes,  and 
the  sensation  on  the  tongue,  are  well  known.  AU  these 
effects  are  produced  by  magneto-electricity,  even  to  a 
painful  degree.  The  torpedo  and  gymnotus  electricus 
give  severe  shocks,  and  the  limbs  of  a  frog  have  been 
convulsed  by  thermo-electricity.  The  last  point  of 
comparison  is  the  spark,  which  is  common  to  the  or. 
dinary,  voltaic,  and  magnetic  fluids ;  and  although  it 
has  not  yet  been  seen  from  the  thermo  and  animal 
electricities,  there  can  be  no  doubt  that  it  is  only  on 
account  of  their  feebleness.  Indeed,  the  conclusion 
drawn  by  Dr.  Faraday  is,  that  the  five  kinds  of  elec- 
tricity are  identical^  and  that  the  differences  of  intensity 
and  quantity  are  quite  sufficient  to  account  for  what 
were  supposed  to  be  their  distinctive  qualities.  He  has 
given  still  greater  assurance  of  their  identity  by  show, 
ing  that  the  magnetic  force  and  the  chemical  action  of 
electricity  are  in  direct  proportion  to  the  absolute  quan- 
tity of  the  fluid  which  passes  through  the  galvanometer, 
whatever  its  intensity  may  be. 

*  In  light,  heat,  and  electricity,  or  magnetism,  nature 
has  exhibited  principles  which  do  not  occasion  any  ap- 
preciable change  in  the  weight  of  bodies,  although  their 
presence  is  manifested  by  the  most  remarkable  mecha-» 
nical  and  chemical  action.  These  agencies  are  so  con- 
nected, that  there  is  reason  to  believe  they  will  ultimately 
be  referred  to  some  one  power  of  a  higher  order,  in 
conformity  with  the  general  economy  of  the  system  of 
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the  worlds  where  the  most  varied  and  complicated  effects 
are  produced  by  a  small  number  of  universal  laws. 
These  principles  penetrate  matter  in  all  directions ;  their 
velocity  is  prodigious^  and  their  intensity  varies  inversely 
as  the  square  of  the  distance.  The  development  of 
electric  currents^  as  well  by  magnetic  as  electric  induc- 
tion^ the  similarity  in  their  mode  of  action  in  a  great 
variety  of  circumstances,  but,  above  all,  the  production  of 
the  spark  from  a  magnet,  the  ignition  of  metallic  wires, 
and  chemical  decomposition,  show  that  magnetism  can 
no  longer  be  regarded  as  a  separate  independent  prin- 
ciple. That  light  is  visible  heat,  seems  highly  probable  ; 
and  although  the  evolution  of  light  and  heat  during  the 
passage  of  the  electric  fluid  may  be  from  the  compres- 
sion of  the  air,  yet  the  development  of  electricity  by 
heat,  the  influence  of  heat  on  magnetic  bodies,  and  that 
of  light  on  the  vibrations  of  the  compass,  show  an 
occult  connection  between  all  these  agents,  which  pro- 
bably will  one  day  be  revealed.  In  the  mean  time  it 
opens  a  noble  field  of  experimental  research  to  philoso- 
phers of  the  present,  perhaps  of  future  ages. 
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SECTION  XXXV. 

ETHEREAL  MEDIUM. COMETS. DO   NOT  DISTURB  THE    SOLAR 

SYSTEM. THEIR   ORBITS   AND    DISTURBANCES.  —  PERIODS   OF 

THREE  ENOV7N. ACCELERATION   IN  THE    MEAN   MOTIONS   OP 

ZNCEE's  and  BIELa's  comets. THE   SHOCK    OF  A   COMET.— 

VELOCITY    AND     PHYSICAL     CONSTITUTION. SHINE    BY    BOR- 
ROWED LIGHT. ESTIMATION  OF  THEIR  NUMBER. 

In  considering  the  constitution  of  the  earth  and  the 
fluids  which  surround  it^  various  subjects  have  presented 
themselves  to  our  notice,  of  which  some,  for  aught  we 
know,  are  confined  to  the  planet  we  inhabit ;  some  are 
common  to  it  and  to  the  other  bodies  of  our  system. 
But  an  all.pervading  ether  probably  fills  the  whole 
visible  creation,  and  conveys,  in  the  form  of  light, 
tremors  which  may  have  been  excited  in  the  deepest 
recesses  of  the  uiaiyerse  thousands  of  years  before  we 
were  called  into  being.  The  existence  of  such  a  medium, 
though  at  first  hypothetical,  is  nearly  proved  by  the 
undulatory  theory  of  light,  and  rendered  all  but  certain 
within  a  few  years  by  the  motion  of  comets,  and  by  its 
action  upon  the  vapours  of  which  they  are  chiefly  com- 
posed. It  has  often  been  imagined  that,  in  addition  to 
the  efiects  of  heat  and  electricity,  the  tails  of  comets 
have  infused  new  substances  into  our  atmosphere. 
Possibly  the  earth  may  attract  some  of  that  nebulous 
matter,  since  the  vapours  raised  by  the  sun's  heat, 
when  the  comets  are  in  perihelio,  and  which  form  their 
tails,  are  scattered  through  space  in  their  passage  to 
their  aphelion ;  but  it  has  hitherto  produced  no  efiect, 
nor  have  the  seasons  ever  been  influenced  by  these 
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bodies.  In  all  probability^  the  tails  of  comets  may 
have  passed  over  the  earth  without  its  inhabitants  being 
conscious  of  their  presence. 

The  passage  of  comets  has  never  sensibly  disturbed 
the  stability  of  the  solar  system ;  their  nucleus^  being 
in  general  only  a  mass  of  vapours^  is  so  rare^  and  their 
transit  so  rapid^  that  the  time  has  not  been  long  enough 
to  admit  of  a  sufficient  accumulation  of  impetus  to  pro- 
duce a  perceptible  action.  Indeed^  M.  Dusejour  has 
proved  that^  under  the  most  favourable  circumstances^  a 
comet  cannot  remain  longer  than  two  hours  and  a  half 
at  a  less  distance  from  the  earth  than  10^500  les^es. 
The  comet  of  1770  passed  within  about  six  times  the 
distance  of  the  moon  from  the  earthy  without  even 
affecting  our  tides ;  and  as  the  moon  has  no  sensible 
influence  on  the  equilibrium  of  the  atmosphere^  a  comet 
must  have  still  less.  According  to  La  Place^  the  action 
of  the  earth  on  the  comet  of  1770  augmented  the  period 
of  its  revolution  by  more  than  two  days  ;  and  if  comets 
had  any  perceptible  disturbing  energy,  the  reaction  of 
the  comet  ought  to  have  increased  the  length  of  our 
year.  Had  the  mass  of  that  comet  been  equal  to  the 
mass  of  the  earth,  its  disturbing  action  would  have  in- 
creased the  length  of  the  sideral  year  by  2^  53™ ;  but 
as  Delambre's  computations  from  the  Greenwich  ob- 
servations of  the  sun,  show  that  the  length  of  the  year 
has  not  been  increased  by  the  fraction  of  a  second,  its 
mass  could  not  have  been  equal  to  the  -y^ijyj  part  of  that 
of  the  earth.  This  accounts  for  the  same  comet  having 
twice  swept  through  the  system  of  Jupiter's  satellites 
without  deranging  the  motions  of  these  moons.  M. 
Dusejour  has  computed  that  a  comet,  equal  in  mass  to 
the  earth,  passing  at  the  distance  of  12,150  leagues 
from  our  planet,  would  increase  the  length  of  the  year 
B  B  4 
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to  367^  1 6^  5™,  and  the  obliquity  of  the  ecliptic  as 
much  as  2^.  So  the  principal  action  of  comets  would 
be  to  alter  the  calendar^  even  if  they  were  dense  enough 
to  affect  the  earth. 

Comets  traverse  all  parts  of  the  heavens ;  their  paths 
have  every  possible  inclination  to  the  plane  of  the  eclip- 
tiCj  and^  unlike  the  planets,  the  motion  of  more  than 
half  of  those  that  have  appeared  have  been  retrograde^ 
that  is,  from  east  to  west.  They  are  only  visible  when, 
near  their  perihelia ;  then  their  velocity  is  such,  that  its 
square  is  twice  as  great  as  that  of  a  body  moving  in  a 
circle  at  the  same  distance :  they  consequently  remain 
but  a  very  short  time  within  the  planetary  orbits.  And 
as  all  the  conic  sections  of  the  same  focal  distance  sen- 
sibly coincide^  through  a  small  arc  on  each  side  of  the 
extremity  of  their  axis,  it  is  difficult  to  ascertain  in 
which  of  these  curves  the  comets  move,  from  observ. 
ations  made,  as  they  necessarily  must  be,  at  their  peri- 
helia. Probably  they  all  move  in  extremely  exoentric 
ellipses,  although  in  most  cases  the  parabolic  curve 
coincides  most  nearly  with  their  observed  motions. 
Some  few  seem  to  describe  hyperbolas ;  such  being  once 
visible  to  us,  would  vanish  for  ever,  to  wander  through 
boundless  space,  to  the  remote  systems  of  the  universe. 
If  a  planet  be  supposed  to  revolve  in  a  circular  orbit, 
whose  radius  is  equal  to  the  jierihelion  distance  of  a 
comet  moving  in  a  parabola,  the  areas  described  by 
these  two  bodies  in  the  same  time  will  be  as  unity  to 
the  square  root  of  two,  which  forms  such  a  connection 
between  the  motion  of  comets  and  planets,  that,  by 
Kepler's  law,  the  ratio  of  the  areas  described  during 
the  same  time  by  the  comet  and  the  earth  may  be 
found.  So  that  the  place  of  a  comet  at  any  time  in  its 
parabolic  orbit,  estimated  from  the  instant  of  its  passage 
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at  the  perihdioiij  may  be  computed.  It  is  a  pro- 
blem of  very  great  difficulty  to  determine  all  the  other 
elements  of  parabolic  motion  —  namely^  the  comet*s 
perihelion  distance^  or  shortest  distance  from  the  sun^ 
estimated  in  parts  of  the  mean  distance  of  the  earth 
from  the  sun ;  the  longitude  of  the  perihelion ;  the  in- 
clination of  the  orbit  on  the  plane  of  the  ecliptic ;  and 
the  longitude  of  the  asoending  node.  Three  observed 
longitudes  and  latitudes  of  a  comet  are  sufficient  for 
computing  the  approximate  values  of  these  quantities  ; 
but  an  accurate  estimation  of  them  can  only  be  obtained 
by  successive  corrections^  from  a  number  of  observ- 
ations^ distant  from  one  another.  When  the  motion  of 
a  comet  is  retrograde^  the  place  of  the  ascending  node  is 
exactly  opposite  to  what  it  is  when  the  motion  is  direct. 
Hence  the  place  of  the  ascending  node^  together  with 
the  direction  of  the  comet's  motion^  show  whether  the 
inclination  of  the  orbit  is  on  the  north  or  south  side  of 
the  plane  of  the  ecHptic.  If  the  motion  be  direct^  the 
inclination  is  on  the  north  side ;  if  retrograde^  it  is  on 
the  south  side. 

The  identity  of  the  elements  is  the  only  proof  of  the 
return  of  a  comet  to  our  system.  Should  the  elements 
of  a  new  comet  be  the  same^  or  nearly  the  same^  with 
those  of  any  one  previously  known^  the  probability  of 
the  identity  of  the  two  bodies  is  very  great^  since  the 
similarity  extends  to  no  less  than  four  elements^  every 
one  of  which  is  capable  of  an  infinity  of  variations. 
But  even  if  the  orbit  be  determined  with  all  the  accu- 
racy the  case  admits  of^  it  may  be  difficulty  or  even 
impossible^  to  recognise  a  comet  on  its  return^  because 
its  orbit  would  be  very  much  changed  if  it  passed  near 
any  of  the  large  planets  of  tliis^  or  of  any  other  system^ 
in  consequence  of  their  disturbing  energy^  which  would 
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be  very  great  on  bodies  of  so  rare  a  nature.  Halley 
computed  the  elements  of  the  orbit  of  a  comet  that 
appeared  in  the  year  l682,  which  agreed  so  nearly 
with  those  of  the  comets  of  1607  and  1531^  that  he 
concluded  it  to  be  the  isame  body  returning  to  the  sun^ 
at  intervals  of  about  seventy-five  years.  He  conse- 
quently predicted  its  re-appearance  in  the  year  1758, 
or  in  the  beginning  of  1759*  Science  was  not  suf- 
ficiently advanced  in  the  time  of  Halley^  to  enable  him 
to  determine  the  perturbations  this  comet  might  ex- 
perience; but  Clairaut  computed  that  it  would  be  re- 
tarded in  its  motion  a  hundred  days  by  the  attraction  of 
Saturn,  and  518  by  that  of  Jupiter,  and  consequently^ 
that  it  would  pass  its  perihelion  about  the  middle  of 
April,  1759,  requiring  6I8  days  more  to  arrive  at  that 
point  than  in  its  preceding  revolution.  This,  however, 
he  considered  only  to  be  an  approximation,  and  that  it 
might  be  thirty  days  more  or  less :  the  return  of  the 
comet  on  the  12th  of  March,  1759,  proved  the  truth  of 
the  prediction.  MM.  Damoiseau  and  Pontecoulant 
have  ascertained  that  this  comet  will  return  either  on 
the  4th  or  the  7th  of  November,  1835 ;  the  diflference 
of  three  days  in  their  computations  arises  from  their 
having  employed  different  values  for  the  masses  of  the 
planets.  This  is  the  first  comet  whose  periodicity  has 
been  established.  It  is  also  the  first  whose  elements 
have  been  determined  from  observations  made  in 
Europe,  for  although  the  comets  which  appeared  in  the 
years  240,  539,  565,  and  837,  are  the  most  ancient 
whose  orbits  have  been  traced,  their  elements  were  com- 
puted from  Chinese  observations. 
.  By  far  the  most  curious  and  interesting  instance  of 
the  disturbing  action  of  the  great  bodies  of  our  system 
is  found  in  the  comet  of  1770.     The  elements  of  its 
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orbit^  detennined  by  Messier^  did  not  agree  with  those 
of  any  comet  that  had  hitherto  been  computed^  yet 
Lexel  ascertained  that  it  described  an  ellipse  about  the 
sun^  whose  major  axis  was  only  equal  to  three  times 
the  length  of  the  diameter  of  the  terrestrial  orbit^  and 
consequently  that  it  must  return  to  the  sun  at  intervals 
of  five  years  and  a  half.  This  result  was  confirmed  by 
numerous  observations^  as  the  comet  was  visible  through 
an  arc  of  170°;  yet  this  comet  had  never  been  ob- 
served before  the  year  1770,  nor  has  it  ever  again  been 
seen,  though  very  brilliant.  The  disturbing  action  of 
the  larger  planets  affords  a  solution  of  this  anomaly,  as 
Lexel  ascertained  that  in  1767  the  comet  must  have 
passed  Jupiter  at  a  distance  less  than  the  fifty-eighth 
part  of  its  distance  from  the  sun,  and  that  in  1 779  it 
would  be  500  times  nearer  Jupiter  than  the  sun ;  con- 
sequently the  action  of  the  sun  on  the  comet  would  not 
be  the  fiftieth  part  of  what  it  would  experience  from 
Jupiter,  BO  that  Jupiter  became  the  primum  mobile. 
Assuming  the  orbit  to  be  such  as  Lexel  had  determined 
in  1770,  La  Place  found  that  the  action  of  Jupiter, 
previous  to  the  year  1770,  had  so  completely  changed 
the  form  of  it,  that  the  comet  which  had  been  invisible 
to  us  before  1770,  was  then  brought  into  view,  and 
that  the  action  of  the  same  planet  producing  a  contrary 
effect,  has,  subsequently  to  that  year,  removed  it,  pro- 
bably for  ever,  from  our  system.  This  comet  might 
have  been  seen  from  the  earth  in  1776,  had  its  light 
not  been  eclipsed  by  that  of  the  sun. 

Besides  Halley's  comet,  two  others  are  now  proved 
to  form  part  of  our  system  ;  that  is  to  say,  they  return 
to  the  sun  at  intervals,  one  of  1207  days,  and  the  other 
of  6  J  years,  nearly.  The  first,  generally  called  Encke's 
comet,  or  the  comet  of  the  short  period,  was  first  seen 
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by  MM.  Messier  and  Mechain  in  1786^  again  by  Miss 
Herschel  in  1795,  and  its  returns  in  the  years  1805 
and  1819  were  observed  by  other  astronomers,  under 
the  impression  that  all  four  were  different  bodies. 
However,  Professor  Encke  not  only  proved  their  iden- 
tity^ but  determined  the  circumstances  of  the  comet's 
motion.  Its  re-appearance  in  the  years  1825,  1828^ 
and  1832,  accorded  with  the  orbit  assigned  by  M. 
Encke,  who  thus  established  the  length  of  its  period  to 
be  1207  days,  nearly.  This  comet  is  very  small,  of 
feeble  light,  and  invisible  to  the  naked  eye,  except 
under  very  favourable  circumstances,  and  in  particular 
positions.  It  has  no  tail,  it  revolves  in  an  ellipse  of 
great  excentricity  inclined  at  an  angle  of  13°  22'  to  the 
plane  of  the  ecliptic^  and  is  subject  to  considerable  per- 
turbations from  the  attraction  of  the  planets.  Among 
the  many  perturbations  to  which  the  planets  are  liable, 
their  mean  motions,  and,  therefore^  the  migor  axes  of 
their  orbits,  experience  no  change ;  while,  on  the  con- 
trary, the  mean  motion  of  the  moon  is  accelerated  from 
age  to  age,  a  circumstance  at  first  attributed  to  the  re- 
sistance  of  an  etherial  medium  pervading  space,  but 
subsequently  proved  to  arise  from  the  secular  dimi- 
nution of  the  excentricity  of  the  terrestrial  orbit.  Al- 
though the  resistance  of  such  a  medium  has  not  hitherto 
been  perceived  in  the  motions  of  such  dense  bodies  as 
the  planets  and  satellites,  its  effects  on  the  revolutions 
of  the  two  small  periodic  comets  hardly  leave  a  doubt  of 
its  existence.  From  the  numerous  observations  that 
have  been  made  on  each  return  of  the  comet  of  the 
short  period,  the  elements  have  been  computed  with 
great  accuracy  on  the  hypothesis  of  its  moving,  in 
vacuo.  Its  perturbations  occasioned  by  the  disturbing 
action  of  the  planets  have  been  determined ;  and  after 
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every  thing  that  could  influence  its  motion  had  been 
duly  considered^  M.  Encke  found  that  an  acceleration 
of  about  two  days  on  each  revolution  has  taken  place  in 
its  mean  motion^  precisely  similar  to  that  which  would 
be  occasioned  by  the  resistance  of  an  etherial  medium. 
And  as  it  cannot  be  attributed  to  a  cause  like  that 
which  produces  the  acceleration  of  the  moon^  it  must 
be  concluded  that  the  celestial  bodies  do  not  perform 
their  revolutions  in  an  absolute  void^  and  that  although 
the  medium  be  too  rare  to  have  a  sensible  effect  on  the 
masses  of  the  planets  and  satellites^  it  nevertheless  has 
a  considerable  influence  on  so  rare  a  body  as  a  comet. 
Contradictory  as  it  may  seem^  that  the  motion  of  a 
body  should  be  accelerated  by  the  resistance  of  an 
etherial  medium^  the  truth  becomes  evident  if  it  be 
considered  that  both  planets  and  comets  ore  retained  in 
their  orbits  by  two  forces  which  exactly  balance  one 
another;  namely^  the  centrifugal  force  producing  the 
velocity  in  the  tangent^  and  the  attraction  of  the  gra- 
vitating force  directed  to  the  centre  of  the  sun.  If  one 
of  these  forces  be  diminished  by  any  cause^  the  other 
will  be  proportionally  increased.  Now^  the  necessary 
effect  of  a  resisting  medium  is  to  diminish  the  tangen- 
tial velocity^  so  that  the  balance  is  destroyed^  gravity 
preponderates^  the  body  descends  towards  the  sun  till 
equilibrium  is  again  restored  between  the  two  forces ; 
and  as  it  then  describes  a  smaller  orbit^  it  moves  with 
increased  velocity.  Thus^  the  resistance  of  an  etherial 
medium  actually  accelerates  the  motion  of  a  body^  but 
as  the  resisting  force  is  confined  to  the  plane  of  the 
orbit,  it  has  no  influence  whatever  on  the  incUnation  of 
the  orbit,  or  on  the  place  of  the  nodes.  The  other 
comet  belonging  to  our  system,  which  returns  to  its 
periheHon  after  a  period  of  6j  years,  has  been  acceler- 
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ated  in  its  motion  by  a  whole  day  during  its  last  revo- 
lution^ which  puts  the  existence  of  ether  nearly  beyond  a 
doubt^  and  forms  a  strong  presumption  in  corroboration 
of  the  undulating  theory  of  light.  The  comet  in  question 
was  discovered  by  M.  Biela  at  Johannisberg  on  the 
27th  of  February,  1826,  and  ten  days  afterwards  it 
was  seen  by  M.  Gambart  at  Marseilles,  who  computed 
its  parabolic  elements,  and  found  that  they  agreed  with 
those  of  the  comets  which  had  appeared  in  the  years 
1789  and  1795,  whence  he  concluded  them  to  be  the 
same  body  moving  in  an  ellipse,  and  accomplishing  its 
revolution  in  2460  days.  The  perturbations  of  this 
comet  were  computed  by  M.  Damoiseau,  who  pre- 
dicted that  it  would  cross  the  plane  of  the  ecliptic  on 
the  29th  of  October,  1832,  a  litde  before  midnight,  at 
a  point  nearly  18,484  miles  within  the  earth's  orbit; 
and  as  M.  Olbers,  of  Bremen,  in  1 805,  had  determined 
the  radius  of  the  comet's  head  to  be  about  21,136  miles, 
it  was  evident  that  its  ■  nebulosity  would  envelope  a 
portion  of  the  earth's  orbit,  a  circumstance  which 
caused  some  alarm  in  France,  from  the  notion  that  if 
any  disturbing  cause  had  delayed  the  arrival  of  the 
comet  for  one  month,  the  earth  must  have  passed 
through  its  head.  M.  Arago  dispelled  these  fears 
by  his  excellent  treatise  on  comets  in  the  Annuaire 
of  1832,  where  he  proves,  that  as  the  earth  would 
never  be  nearer  the  comet  than  24,800,000  British 
leagues,  there  could  be  no  danger  of  collision. 

The  earth  would  fall  to  the  sun  in  64^  days,  if  it  were 
struck  by  a  comet  with  sufScient  impetus  to  destroy  its 
centrifugal  force.  What  the  earth's  primitive  velo- 
city may  have  been  it  is  impossible  to  say.  Therefore  a 
comet  may  have  given  it  a  shock  without  changing  the 
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axis  of  rotation^  but  only  destroying  part  of  its  tangential 
velocity^  so  as  to  diminish  the  size  of  the  orbit^  a 
thing  by  no  means  impossible^  though  highly  impro- 
bable. At  all  events,  there  is  no  proof  of  this  having 
occurred;  and  it  is  manifest  that  the  axis  of  the 
earth's  rotation  has  not  been  changed^  because^  as 
the  ether  offers  no  sensible  resistance  to  so  dense  a 
body  as  the  earthy  the  libration  would  to  this  day 
be  evident  in  the  variation  it  must  have  occasioned  in 
the  terrestrial  latitudes.  Supposing  the  nucleus  of  a 
comet  to  have  a  diameter  only  equal  to  the  fourth  part 
of  that  of  the  earthy  and  that  its  perihelion  is  nearer  to 
the  sun  than  we  are  ourselves^  its  orbit  being  otherwise 
unknown^  M.  Arago  has  computed  that  the  probability 
of  the  earth  receiving  a  shock  from  it  is  only  one  in 
281  milUonSj  and  that  the  chance  of  our  coming  in 
contact  with  its  nebulosity  is  about  ten  or  twelve  times 
greater.  In  general  the  substance  of  comets  is  so 
rare^  that  it  is  likely  they  would  not  do  much  harm  if 
they  were  to  impinge;  and  even  then  the  mischief 
would  probably  be  locals  and  the  equilibrium  soon 
restored^  provided  the  nucleus  were  gaseous,  or  very 
small.  It  is^  however^  more  probable  that  the  earth 
would  only  be  deflected  a  little  from  its  course  by  the 
approach  of  a  comet^  without  being  touched  by  it. 
The  comets  that  have  come  nearest  to  the  earth  were 
that  of  the  year  837,  which  remained  four  days  within 
less  than  1^240^000  leagues  from  our  orbit ;  that  of 
1770,  which  approached  within  about  six  times  the 
distance  of  the  moon.  The  celebrated  comet  of  1680 
also  came  very  near  to  us ;  and  the  comet  whose 
period  is  6|  years  was  ten  times  noirer  the  earth  in 
1805  than  in  1832,  when  it  caused  so  much  alarm. 
Comets  in  or  near  their  perihelion  move  with  pro- 
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digious  velocity.  That  of  1680  appears  to  have  gone 
half  round  the  sun  in  ten  hours  and  a  half^  moving  at 
the  rate  of  880^000  miles  an  hour.  If  its  enormous 
centrifugal  force  had  ceased  when  passing  its  perihelion^ 
it  would  have  fallen  to  the  sun  in  about  three  minutes^ 
as  it  was  then  only  147>000  miles  from  his  surface.  So 
near  the  sun^  it  would  be  exposed  to  a  heat  27^500 
times  greater  than  that  received  by  the  earth ;  and  as 
the  sun's  heat  is  supposed  to  be  in  proportion  to  the 
intensity  of  his  lights  it  is  probable  that  a  degree  of 
heat  so  very  intense  woiild  be  sufficient  to  convert  into 
vapour  every  terrestrial  substance  with  which  we  are 
acquainted.  At  the  perihelion  distance  the  sun's 
diameter  would  be  seen  from  the  comet  under  an  angle 
of  73°,  so  that  the  sun,  viewed  from  the  comet,  would 
nearly  cover  the  whole  extent  of  the  heavens  from  the 
horizon  to  the  zenith.  As  this  comet  is  presumed  to 
have  a  period  of  575  years,  the  major  axis  of  its 
orbit  must  be  so  great,  that  at  the  aphelion  the^sun's 
diameter  would  only  subtend  an  angle  of  about  four- 
teen seconds,  which  is  not  so  great  as  hsdf  the  diameter 
of  Mars  appears  to  us  when  in  opposition.  The  sun 
would  consequently  impart  no  heat,  so  that  the  comet 
would  then  be  exposed  to  the  temperature  of  the 
etherial  regions,  which  is  58°  below  the  zero  point  of 
Fahrenheit.  A  body  of  such  tenuity  as  the  comet, 
moving  with  such  velocity,  must  have  met  with  great 
resistance  from  the  dense  atmosphere  of  the  sun,  while 
passing  so  near  his  surface  at  its  perihelion.  The  cen- 
trifugal force  must  consequently  have  been  diminished, 
and  the  sun's  attraction  proportionally  augmented,  so 
that  it  must  have  come  nearer  to  the  sun  in  l680  than 
in  its  preceding  revolution,  and  would  subsequently  de- 
scribe a  smaller  orbit.     As  this  diminution  of  its  orbit 
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will  be  repeated  at  each  revolution^  the  comet  will 
infallibly  end  by  falling  on  the  surface  of  the  sun^ 
unless  its  course  be  changed  by  the  disturbing  influence 
of  some  large  body  in  the  unknown  expanse  of  creation. 
Our  ignorance  of  the  actual  density  of  the  sun's 
atmosphere^  of  the  density  of  the  comet^  and  of  the 
period  of  its  revolution^  renders  it  impossible  to  form 
any  idea  of  the  number  of  centuries  which  must  elapse 
before  this  event  takes  place. 

But  this  is  not  the  only  comet  threatened  with  such 
a  catastrophe;  Encke%  and  that  discovered  by  M. 
Biela^  are  both  slowly  tending  to  the  same  fate.  By 
the  resistance  of  the  ether^  they  will  perform  each  revo- 
lution nearer  and  nearer  to  the  sun^  till  at  last  they  will 
be  precipitated  on  his  surface.  The  same  cause  may 
affect  the  motions  of  the  planets^  and  ultimately  be  the 
means  of  destroying  the  solar  system.  But^  as  Sir  John 
Herschel  observes^  they  could  hardly  all  revolve  in  the 
same  direction  round  the  sun  for  so  many  ages  without 
impressing  a  corresponding  motion  on  the  etherial  fluids 
which  may  preserve  them  from  the  accumulated  effects 
of  its  resistance.  Should  this  material  fluid  revolve 
about  the  sun  like  a  vortex^  it  will  accelerate  the  revo« 
lutions  of  such  comets  as  have  direct  motions^  and 
retard  those  that  have  retrograde  motions. 

Though  already  so  well  acquainted  with  the  motions 
of  comets^  we  know  nothing  of  their  physical  consti- 
tution. A  vast  number^  especially  of  telescopic  comets^ 
are  only  like  clouds  or  masses  of  vapour^  often  with- 
out tails.  Such  were  the  comets  which  appeared  in  the 
years  1795,  1797,  and  1798.  The  head  commonly 
consists  of  a  mass  of  light,  like  a  planet  surrounded  by 
a  very  transparent  atmosphere,  and  the  whole,  viewed 
with  a  telescope,  is  so  diaphanous,  that  the  smallest 
c  0 
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Star  may  be  seen  even  through  the  densest  part  of  the 
nucleus  ;  in  general  their  masses^  when  they  have  any^ 
are  so  minute^  that  they  have  no  sensible  diameter,  like 
that  of.  the  comet  of  1811,  which  appeared  to  Sir  Wm. 
Herschel  like  a  luminous  point  in  the  middle  of  the 
nebulous  matter.  The  nuclei,  which  seem  to  be  formed 
of  the  denser  strata  of  that  nebulous  matter  in  succes- 
sive coatings,^  are  often  of  great  magnitude.  Those  of 
the  comets  which  came  to  the  sun  in  the  years  1799 
and  1807  had  nuclei  whose  diameters  measured  180 
and  275  leagues  respectively,  and  the  second  comet  of 
1811  had  a  nucleus  1350  leagues  in  diameter. 

The  nebulosity  immediately  round  the  nucleus  is  so 
diaphonous  that  it  gives  little  light ;  but  at  a  small  dis- 
tance the  nebulous  matter  becomes  suddenly  brilliant, 
so  as  to  look  like  a  bright  ring  round  the  body.  Some- 
times there  are  as  many  as  two  or  three  of  these  lumi- 
nous concentric  rings  separated  by  dark  intervals,  but 
they  are  generally  incomplete  on  the  part  next  the  tail. 
In  the  comet ]^  of  1811,  the  luminous  ring  was  12,400 
leagues  thick,  and  the  distance  between  its  interior  sur- 
face and  the  centre  of  the  nucleus  was  14,880  leagues. 
The  thickness  of  these  bright  diaphanous  coatings  in 
the  comets  of  1807  and  1799  were  14,880  and  9920 
leagues  respectively.  The  transit  of  a  comet  over  the 
sun  would  afford  the  best  information  with  r^ard  to 
the  nature  of  the  nuclei.  It  was  computed  that  such 
an  event  was  to  take  place  in  the  year  1827;  unfor- 
tunately the  sun  was  hid  by  clouds  from  the  British 
astronomers,  but  it  was  examined  at  Viviers  and  at 
Marseilles,  at  the  time  the  comet  must  have  been  pro- 
jected on  its  disc,  but  no  spot  or  cloud  was  to  be  seen. 

The  tails  of  comets  proceed  from  the  head  in  two 
streams  of  light,  somewhat  like  that  of  the  aurora. 
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These  in  most  cases  unite  at  a  greater  or  less  distance 
from  the  nucleus^  and  are  generally  situate  in  the  planes 
of  their  orbits.  They  follow  the  comets  in  their  de- 
scent towards  the  sun,  but  precede  them  in  their  return 
with  a  small  degree  of  curvature,  probably  owing  to 
the  resistance  of  the  ether,  but  their  extent  and  form 
varies  according  to  the  positions  of  their  orbits  with 
regard  to  the  ecliptic.  In  some  cases,  the  tail  has  been 
at  right  angles  to  the  line  joining  the  sun  and  comet. 
They  are  generally  of  enormous  lengths, — the  comet  of 
1811  had  a  tail  no  less  than  34  millions  of  leagues  in 
length,  and  those  which  appeared  in  the  years  I6I8, 
I68O,  and  1769^  had  tails  which  extended  respectively 
over  104,  90,  and  97  degrees  of  space.  Consequently, 
when  the  heads  of  these  comets  were  set,  a  portion  of 
the  extremity  of  their  tails  was  still  in  the  zenith. 
Sometimes  the  tail  is  divided  into  several  branches,  like 
the  comet  of  1744,  which  had  six,  separated  by  dark 
intervals,  each  of  them  about  4^  broad,  and  from  30^ 
to  44^  long.  The  tails  do  not  attain  their  full  magni- 
tude till  the  comet  has  left  the  sun.  When  these  bo- 
dies first  appear,  they  resemble  round  films  of  vapour 
with  little  or  no  tail.  As  they  approach  the  sun,  they 
increase  in  brilliancy,  and  their  tail  in  length,  till  they 
are  lost  in  his  rays  ;  and  it  is  not  till  they  emerge  from 
the  sun's  more  vivid  light  that  they  assume  their  fidl 
splendour.  They  then  gradually  decrease  by  the  same 
degrees ;  their  tails  diminish  and  disappear  nearly  or 
altogether  before  the  comet  is  beyond  the  sphere  of 
telescopic  vision.  Many  comets  have  no  tails,  as^  for 
example,  £ncke*s  comet  and  that  discovered  by  M. 
Biela,  both  of  which  are  small  and  insignificant  objects. 
The  comets  which  appeared  in  the  years  1585,  17^3^ 
and  1682,  were  also  without  tails,  though  the  latter  is 
c  c  2  n        i 
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recorded  to  have  been  as  "bright  as  Jupiter.  The  matter 
of  the  tail  must  be  extremely  buoyant  to  precede  a  body 
moving  with  such  velocity ;  indeed  the  rapidity  of  its 
ascent  can  only  be  accounted  for  by  the  fervent  heat  of 
the  sun.  Immediately  after  the  great  comet  of  168O 
had  passed  its  perihelion,  its  tail  was  20,000,000 
leagues  in  length,  and  was  projected  from  the  comet's 
head  in  the  short  space  of  two  days.  A  body  of  such 
extreme  tenuity  as  a  comet  is  most  likely  incapable  of 
an  attraction  powerful  enough  to  recall  matter  sent  to 
such  an  enormous  distance ;  it  is,  therefore,  in  all  pro- 
bability, scattered  in  space,  which  may  account  for  the 
rapid  decrease  observed  in  the  tails  of  comets  every 
time  they  return  to  their  perihelia. 

It  is  remarkable  that,  although  the  tails  of  comets  in- 
crease in  length  as  they  approach  their  perihelia,  there 
is  reason  to  believe  that  the  real  diameter  of  the  nebu- 
lous matter,  or  nucleus,  contracts  on  coming  near  the 
sun,  and  expands  rapidly  on  leaving  him.  Hevelius 
first  observed  this  phenomenon,  which  Encke's  comet 
has  exhibited  in  a  very  extraordinary  degree.  On  the 
28th  of  October,  1828,  this  comet  was  about  three 
times  as  far  from  the  sun  as  it  was  on  the  24th  of 
December,  yet  at  the  first  date  its  apparent  diameter 
was  twenty.five  times  greater  than  at  the  second,  the 
decrease  being  progressive.  M.  Valz  attributes  the  cir- 
cumstance to  a  real  condensation  of  volume  from  the 
pressure  of  the  etherial  medium,  which  increases  most 
rapidly  in  density  towards  the  surface  of  the  sun,  and 
forms  an  extensive  atmosphere  aroimd  him.  Sir  John 
Herschel,  on  the  contrary,  conjectures  that  it  may  be 
owing  to  the  alternate  conversion  of  evaporable  mate- 
rials in  the  upper  regions  of  a  transparent  atmosphere 
into  the  states  of  visible  cloud  and  invisible  gas  by  the 
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effects  of  heat  and  cold.  Not  only  the  tails^  hut  the 
nehulous  part  of  comets  diminishes  every  time  they  re- 
,  turn  to  their  perihelia ;  after  frequent  returns  they 
ought  to  lose  it  altogether,  and  present  the  appearance 
of  a  fixed  nucleus  :  this  ought  to  happen  sooner  to  co- 
mets of  short  periods.  M.  de  la  Place  supposes  that 
the  comet  of  l682  must  be  approaching  rapidly  to  that 
state.  Should  the  substances  be  altogether,  or  even  to 
a  great  degree,  evaporated,  the  comet  would  disappear 
for  ever.  Possibly  comets  may  have  vanished  from  our 
view  sooner  than  they  would  otherwise  have  done  from 
this  cause. 

In  those  positions  of  comets,  where  only  half  of  their 
enlightened  hemisphere  could  be  seen  if  they  shine  by 
reflected  light,  they  ought  to  exhibit  phases,  but  even 
with  high  magnifying  powers  none  have  been  detected, 
though  some  slight  indications  are  said  to  have  been 
once  observed  by  Hevelius  and  La  Hire  in  l682.  In 
general,  the  light  of  comets  is  dull,  — that  of  the  comet 
of  1811  was  only  equal  to  the  tenth  part  of  the  light  of 
the  full  moon,  but  some  have  been  brilliant  enough  to 
be  visible  in  full  daylight,  especially  the  comet  of  1744, 
which  was  seen  without  a  telescope  at  one  o'clock  in  the 
afternoon,  while  the  sun  was  shining.  Hence  it  may  be 
inferred  that,  although  some  comets  may  be  altogether 
diaphanous,  others  seem  to  possess  a  solid  mass  resem- 
bling a  planet.  But  whether  they  shine  by  their  own  or 
by  reflected  light  has  never  been  satisfactorily  made  out 
till  now.  £ven  if  the  light  of  a  comet  were  polarised, 
it  would  not  afford  a  decisive  test,  since  a  body  is 
capable  of  reflecting  light,  though  it  shines  by  its  own. 
M.  Arago,  however,  has,  with  great  ingenuity,  dis- 
covered a  method  of  ascertaining  this  point,  inde- 
pendent both  of  phases  and  polarisation. 
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Since  the  rays  of  light  diverge  from  a  luminous  pointy 
they  will  be  scattered  over  a  greater  space  as  the  distance 
increases^  so  that  the  intensity  of  the  light  on  a  screen 
two  feet  from  the  object^  is  four  times  less  than  at  the 
distance  of  one  foot ;  three  feet  from"  the  object  it  is 
nine  times  less^  and  so  on^  decreasing  in  intensity  as  the 
square  of  the  distance  increases.  As  a  self-luminous 
surface  consists  of  an  infinite  number  of  luminous 
points^  it  is  clear  that^  the  greater  the  extent  of  surface^ 
the  more  intense  will  be  the  light ;  whence  it  may  be 
concluded  that  the  illuminating  power  of  such  a  surface 
is  proportional  to  its  extent,  and  decreases  inversely  as 
the  square  of  the  distance.  Notwithstanding  this,  a  self- 
luminous  surface,  plane  or  curved,  viewed  through  a 
hole  in  a  plate  of  metal,  is  of  the  same  brilliancy  at  all 
possible  distances  as  long  as  it  subtends  a  sensible 
'  angle,  because,  as  the  distance  increases,  a  greater  por- 
tion comes  into  view,  and  as  the  augmentation  of  surface 
is  as  the  square  of  the  diameter  of  the  part  seen  through 
the  hole,  it  increases  as  the  square  of  the  distance. 
Hence,  though  the  number  of  rays  from  any  one  point 
of  the  surface  which  pass  through  the  hole  decrease  in- 
versely as  the  square  of  the  distance,  yet,  as  the  extent 
of  surface  which  comes  into  view  increases  also  in  that 
ratio,  the  brightness  of  the  object  is  the  same  to  the  eye 
as  long  as  it  has  a  sensible  diameter.  For  example  — 
Uranus  is  about  nineteen  times  farther  from  the  sun 
than  we  are,  so  that  the  sun,  seen  from  that  planet, 
must  appear  like  a  star  with  a  diameter  of  a  hundred 
seconds,  and  must  have  the  same  brilliancy  to  the  in- 
habitants that  he  would  have  to  us  if  viewed  through 
a  small  circular  hole  having  a  diameter  of  a  hundred 
seconds.  For  it  is  obvious,  that  light  comes  from  every 
point  of  the  sun's  surface  to  Uranus,  whereas  a  very 
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small  portion  of  his  disc  is  visible  through  the  hole ;  so 
that  extent  of  surface  exactly  compensates  distance. 
Since^  then^  the  visibility  of  a  self-luminous  object  does 
not  depend  upon  the  angle  it  subtends  as  long  as  it  is 
of  sensible  magnitude^  if  a  comet  shines  by  its  own 
lights  it  should  retain  its  brilliancy  as  long  as  its  dia- 
meter is  of  a  sensible  magnitude ;  and  even  after  it  has 
lost  an  apparent  diameter^  it  ought^  like  the  fixed  stars^ 
to  be  visible^  and  should  only  vanish  in  consequence  of 
extreme  remoteness.  That^  however,  is  far  from  being 
the  case  —  comets  gradually  become  dim  as  their  dis- 
tance increases,  and  vanish  merely  from  loss  of  light, 
while  they  still  retain  a  sensible  diameter,  which  is 
proved  by  observations  made  the  evening  before  they 
disappear.  It  may,  therefore,  be  concluded,  that  comets 
shine  by  reflecting  the  sun's  light.  The  most  brilliant 
comets  have  hitherto  ceased  to  be  visible  when  about 
five  times  as  far  from  the  sun  as  we  are.  Most  of  the 
comets  that  have  been  visible  from  the  earth  have  their 
perihelia  within  the  orbit  of  Mars,  because  they  are 
invisible  when  as  distant  as  the  orbit  of  Saturn :  on  that 
account  there  is  not  one  on  record  whose  perihelion  is 
situate  beyond  the  orbit  of  Jupiter.  Indeed,  the  comet 
of  1756,  after  its  last  appearance,  remained  five  whole 
years  within  the  ellipse  described  by  Saturn  without 
being  once  seen.  A  hundred  and  forty  comets  have 
appeared  within  the  earth's  orbit  during  the  last  century 
that  have  not  again  been  seen.  If  a  thousand  years 
be  allowed  as  the  average  period  of  each,  it  may  be 
computed,  by  the  theory  of  probabilities,  that  the  whole 
number  which  range  within  the  earth's  orbit  must  be 
1400 ;  but  Uranus  being  about  nineteen  times  mote 
distant,  there  may  be  no  less  than  11,200,000  comets 
that  come  within  the  known  extent  of  our  system.     M. 
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Arago  makes  a  different  estimate  :  he  considers  that^  as 
thirty  comets  are  known  to  have  their  perihelion  distance 
within  the  orhit  of  Mercury,  if  it  he  assumed  that  comets 
are  uniformly  distributed  in  space^  the  number  having 
their  perihelion  within  the  orbit  of  Uranus  must  be  to 
thirty  as  the  cube  of  the  Tadius  of  the  orbit  of  Uranus 
to  the  cube  of  the  radius  of  the  orbit  of  Mercury^  whicli 
makes  the  number  of  comets  amount  to  3^529^470. 
But  that  number  may  be  doubled  if  it  be  considered 
that^  in  consequence  of  daylight^  fogs^  and  great 
southern  declination^  one  comet  out  of  two  must  be  hid 
from  us.  According  to  M.  Arago^  more  than  seven 
millions  of  comets  frequent  the  planetary  orbits* 


y  Google 


SECT.  XXXVI.  OF    THE    FIXED    STABS.  393 


SECTION  XXXVI. 


THE  FIXED  STARS. THEIR  NUMBERS.  ESTIMATION   OF    THEIR 

DISTANCES    AND    MAGNITUDES     FROM    THEIR     LIGHT.  STARS 

THAT     HAVE    VANISHED. NEW    STARS. DOUBLE    STARS.  

BINART    AND    MULTIPLE   SYSTEMS. THEIR    ORBITS    AND    PE- 
RIODS.  ORfilTUAL   AND   PARALACTIC  MOTIONS. COLOUR.— 

PROPER  MOTIONS. GENERAL  MOTIONS  OF  ALL  THE  STARS.  

CLUSTERS.  —  NEBULA.  THEIR     NUMBER    AND      FORMS.  -^ 

DOUBLE  AND  STELLAR  NEBULA. NEBULOUS  STARS. PLANE- 
TARY NEBULJE. CONSTITUTION  OF  THE  NEBULJE  AND  FORCES 

WHICH  MAINTAIN  THEM.  DISTRIBUTION. METEORITES. 


Gbeat  as  the  number  of  comets  appears  to  be^  it  is 
absolutely  nothing  when  compared  to  the  number  of 
the  fixed  stars.  About  2000  only  are  yisible  to  the 
naked  eye;  but  when  we  view  the  heavens  with  a 
telescope,  their  number  seems  to  be  limited  only  by  the 
imperfection  of  the  instrument.  In  one  hour  Sir 
William  Herschel  estimated  that  50,000  stars  passed 
through  the  field  of  his  telescope,  in  a  zone 'of  the 
heavens  2°  in  breadth.  This,  however,  was  stated  as 
an  instance  of  extraordinary  crowding;  but,  on  an 
average,  the  whole  expanse  of  the  heavens  must  ex- 
hibit about  a  hundred  millions  of  fixed  stars  within 
the  reach  of  telescopic  vision. 

The  stars  are  classed  according  to  their  apparent 
brightness,  and  the  places  of  the  most  remarkaUe  of 
those  visible  to  the  naked  eye  are  ascertained  with  great 
precision,  and  formed  into  a  catalogue,  not  only  for  the 
determination  of  geographical  positions  by  their  occult, 
ations,  but  to  serve  as  points  of  reference  for  marking 
the  places  of  comets  and  other  celestial  phenomena. 
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The  whole  number  of  stars  registered  amounts  to  about 
15^000  or  20,000.  The  distance  of  the  fixed  stars  is 
too  great  to  admit  of  their  exhibiting  a  sensible  disc  ; 
but,  in  all  probability,  they  are  spherical,  and  must 
certainly  be  so  if  gravitation  pervades  all  space,  which 
it  may  be  presumed  to  do,  since  Sir  John  Herschel 
has  shown  that  it  extends  to  the  binary  systems  of  stars. 
With  a  fine  telescope  the  stars  appear  like  a  point  of 
light,  their  occultations  by  the  moon  are  therefore  in- 
stantaneous. Their  twinkling  arises  from  sudden 
changes  in  the  refractive  power  of  the  air,  which  would 
not  be  sensible  if  they  had  discs  like  the  planets.  Thus 
we  can  learn  nothing  of  the  relative  distances  of  the 
stars  from  us  and  from  one  another  by  their  apparent 
diameters.  Their  annual  parallax  being  insensible, 
shows  that  we  must  be  one  hundred  millions  of  millions 
of  miles  at  least  from  the  nearest.  Many ;  of  them, 
however,  must  be  vastly  more  remote,  for  of  two  stars 
that  appear  close  together,  one  may  be  far  beyond  the 
other  in  the  depth  of  space.  The  light  of  Sirius,  ac- 
cording to  the  observations  of  Sir  John  Herschel,  is 
324  times  greater  than  that  of  a  star  of  the  sixth  mag- 
nitude ;  if  we  suppose  the  two"'  to  be  really  of  the  same 
size,  their  distances  from  us  must  be  in  the  ratio  of 
57*3  to  1,  because  light  diminishes  as  the  square  of  the 
distance  of  the  luminous  body  increases. 

Nothing  is  known  of  the  absolute  magnitude  of  the 
fixed  stars,  but  the  quantity  of  light  emitted  by  many 
of  them  shows  that  they  must  be  much  larger  than  the 
sun.  Dr.  WoUaston  determined  the  approximate  ratio 
which  the  light  of  a  wax  candle  bears  to  that  of  the  sun, 
moon,  and  stars,  by  comparing  their  respective  images, 
reflected  from  small  glass  globes  filled  with  mercury, 
whence  a  comparison  was  established  between  the  quan- 
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titles  of  light  emitted  by  the  celestial  bodies  themselves. 
By  this  method  he  fomid  that  the  light  of  the  sun  is 
about  twenty  millions  of  millions  of  times  greater  than 
that  of  Sirius^  the  brightest^  and  supposed  to  be  the 
nearest  of  the  fixed  stars.  If  the  parallax  of  Sirius  were 
but  half  a  second^  its  distance  from  the  earth  would  be 
525,481  times  the  distance  of  the  sun  from  the  earth ; 
and  therefore  Sirius^  placed  where  the  sun  is^  would 
appear  to  us  to  be  3*7  times  as  large  as  the  sun^  and 
would  give  13*8  times  more  light.  Many  of  the  fixed 
stars  must  be  infinitely  larger  than  Sirius. 

Many  stars  have  vanished  from  the  heavens;  the 
star  42  Virginis  seems  to  be  of  this  number^  having 
been  missed  by  Sir  John  Herschel  on  the  9th  of  May^ 
1828^  and  not  again  found,  though  he  frequently  had 
occasion  to  observe  that  part  of  the  heavens.  Sometimes 
stars  have  all  at  once  appeared,  shone  with  a  bright 
light,  and  vanished.  Several  instances  of  these  tem- 
porary stars  are  on  record ;  a  remarkable  instance  oc- 
curred in  the  year  125,  which  is  said  to  have  induced 
Hipparchus  to  form  the  first  catalogue  of  stars.  An- 
other star  appeared  suddenly  near  a  Aquile  in  the  year 
389,  which  vanished  after  remaining  for  three  weeks 
as  bright  as  Venus.  On  the  10th  of  October,  l604,  a 
brilliant  star  burst  forth  in  the  constellation  of  Serpen- 
tarius,  which  continued  visible  for  a  year ;  and  a  more 
recent  case  occurred  in  the  year  I67O,  when  a  new  star 
was  discovered  in  the  head  of  the  Swan,  which,  after 
becoming  invisible,  reappeared,  and  having  undergone 
many  variations  in  light  vanished  after  two  years,  and 
has  never  since  been  seen.  In  1572,  a  star  was  dis- 
covered in  Cassiopeia,  which  rapidly  increased  in  bright- 
ness till  it  even  surpassed  that  of  Jupiter;  it  then 
gradually  diminished  in  splendour^  and  having  exhibited 
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all  the  variety  of  tints  that  indicate  the  changes  of  com- 
bustion, vanished  sixteen  months  after  its  discovery 
without  altering  its  position.  It  is  impossible  to  imagine 
any  thing  more  tremendous  than  a  conflagration  that 
could  be  visible  at  such  a  distance.  It  is^  however, 
suspected  that  this  star  may  be  periodical  and  identical 
with  the  stars  which  appeared  in  the  years  9^^  &i^d 
1264.  There  are  probably  many  stars  which  alternately 
vanish  and  reappear  among  the  innumerable  multitudes 
that  spangle  the  heavens;  the  periods  of  thirteen  have 
already  been  pretty  well  ascertained.  Of  these  the 
most  remarkable  is  the  star  Omicron  in  the  constellation 
Cetus.  It  appears  about  twelve  times  in  eleven  years, 
and  is  of  variable  brightness,  sometimes  appearing  like 
a  star  of  the  second  magnitude ;  but  it  does  not  always 
attain  the  same  lustre^  nor  does  it  increase  or  diminish 
by  the  same  degrees.  According  to  Hevelius,  it  did  not 
appear  at  all  for  four  years.  7  Hydrs  also  vanishes 
and  reappears  every  494  days^  and  a  very  singular  in- 
stance of  periodicity  is  given  by  Sir  John  Herschel  in  the 
star  Algol  or  j3  Persei^  which  is  described  as  retaining 
the  size  of  a  star  of  the  second  magnitude  for  two  days 
and  fourteen  seconds  ;  it  then  suddenly  begins  to  di- 
minish in  splendour^  and  in  about  three  hours  and  a 
half  is  reduced  to  the  size  of  a  star  of  the  fourth  mag* 
nitude ;  it  then  begins  again  to  increase^  and  in  three 
hours  and  a  half  more  regains  its  usual  brightness, 
going  through  all  these  vicissitudes  in  two  days^  twenty 
hours,  and  forty-eight  minutes.  The  cause  of  the 
variations  in  most  of  the  periodical  stars  is  unknown, 
but,  from  the  changes  of  Algol,  M.  Goodricke  has  con- 
jectured that  they  may  be  occasioned  by  the  revolution 
of  some  opaque  body,  coming  between  us  and  the  star, 
and  obstructing  part  of  its  light.     Sir  John  Herschel  is 

Digitized  by  VjOOQIC 


SECT.  XXXTI.  DOUBLE    STARS.  397 

Struck  with  the  high  d^ree  of  activity  evinced  by  these 
changes  in  regions  where^  '^  but  for  such  evidences,  we 
might  conclude  all  to  be  lifeless/'  He  observes  that  our 
own  sun  requires  nine  times  the  period  of  Algol  to  per- 
form a  revolution  on  its  own  axis ;  while^  on  the  other 
hand^  the  periodic  time  of  an  opaque  revolving  body 
sufficiently  large  to  produce  a  similar  temporary  ob- 
scuration of  the  sun^  seen  from  a  fixed  star^  would  be 
less  than  fourteen  hours. 

Many  thousands  of  stars  that  seem  to  be  only  brilliant 
points^  when  carefully  examined  are  found  to  be  in  re- 
ality systems  of  two  or  more  suns^  some  revolving  about 
a  common  centre.  These  binary  and  multiple  stars  are 
extremely  remote^  requiring  the  most  powerful  telescopes 
to  show  them  separately.  The  first  catalogue  of  double 
stars^  in  which  their  places  and  relative  positions  are 
determined^  was  accomplished  by  the  talents  and  indus- 
try of  Sir  William  Herschel^  to  whom  astronomy  is  in- 
debted for  so  many  brilliant  discoveries,  and  with  whom 
the  idea  of  their  combination  in  binary  and  multiple 
systems  originated — an  idea  completely  established  by 
his  own  observations^  and  recently  confirmed  by  those 
of  his  son.  The  motions  of  revolution  of  many  of  these 
stars  round  a  common  centre  have  been  ascotained^  and 
their  periods  determined  vdth  considerable  accuracy. 
Some  have,  since  their  first  discovery,  already  accom- 
plished nearly  a  whole  revolution,  and  one^  vj  Corone, 
is  actually  considerably  advanced  in  its  second  period. 
These  interesting  systems  thus  present  a  species  of  si- 
dereal chronometer,  by  which  the  chronology  of  the 
heavens  will  be  marked  out  to  future  ages  by  epochs  of 
their  own,  liable  to  no  fluctuations  from  such  planetary 
disturbances  as  take  place  in  our  system. 

In  observing  the  relative  position  of  the  stars  of  a 
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binary  system^  the  distance  between  them^  and  also  the 
angle  of  position,  that  is^  the  angle  which  the  meridian 
or  a  parallel  to  the  equator  makes  with  the  line  joining 
the  two  stars^  are  measured.  The  different  values  of 
the  angle  of  position  shows  whether  the  revolving  star 
moves  from  east  to  west  or  the  contrary ;  whether  the 
motion  be  uniform  or  variable^  and  at  what  points  it  is 
greatest  or  least.  The  measures  of  the  distances  show 
whether  the  two  stars  approach  or  recede  from  one  an- 
other. From  these  the  form  and  nature  of  the  orbit  are 
determined.  Were  observations  perfectly  accurate^  four 
values  of  the  angle  of  position  and  of  the  corresponding 
distances  at  given  epochs  would  be  sufficient  to  assign 
the  form  and  position  of  the  curve  described  by  the 
revolving  star;  this,  however,  scarcely  ever  happens. 
The  accuracy  of  each  result  depends  upon  taking  the 
mean  of  a  great  number  of  the  best  observations,  and 
eliminating  error  by  mutual  comparison.  The  distances 
between  the  stars  are  so  minute  that  they  cannot  be 
measured  with  the  same  accuracy  as  the  angles  of  po- 
sition ;  therefore,  to  determine  the  orbit  of  a  star  inde. 
pendently  of  the  distance,  it  is  necessary  toaassume,  as 
the  most  probable  hyx>othesis,  that  the  stars  are  subject 
to  the  law  of  gravitation,  and  consequently,  that  one  of 
the  two  stars  revolves  in  an  ellipse  about  the  other,  sup- 
posed to  be  at  rest,  though  not  necessarily  in  the  focus. 
A  curve  is  thus  constructed  graphically  by  means  of 
the  angles  of  position  and  the  corresponding  times  of 
observation.  The  angular  velocities  of  the  stars  are 
obtained  by  drawing  tangents  to  this  curve  at  stated 
intervals,  whence  the  apparent  distances,  or  radii  vec- 
tores,  of  the  revolving  star  become  known  for  each 
angle  of  position ;  because,  by  the  laws  of  elliptical 
motion^  they  are  equal  to  the  square  roots  of  the  appa- 
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rent  angular  velocities.  Now  that  the  angles  of  po- 
sition estimated  from  a  given  line^  and  the  correspond, 
ing  distances  of  the  two  stars^  are  known^  ai\other 
curve  may  he  drawn^  which  will  represent  on  paper  the 
actual  orhit  of  the  star  projected  on  the  visible  surface 
of  the  heavens;  so  that  the  elliptical  elements  of  the 
true  orbit  and  its  position  in  space  may  he  determined 
by  a  combined  system  of  measurements  and  comput- 
ation. But  as  this  orbit  has  been  obtained  on  the  hypo- 
thesis that  gravitation  prevails  in  these  distant  regions^ 
which  could  not  be  known  a  priori,  it  must  be  com- 
pared with  as  many  observations  as  can  be  obtained^  to 
ascertain  how  far  the  computed  ellipse  agrees  with  the 
curve  actually  described  by  the  star. 

By  this  process  Sir  John  Herschel  has  discovered 
that  several  of  these  systems  of  stars  are  subject  to  the 
same  laws  of  motion  with  our  system  of  planets :  he 
has  determined  the  elements  of  their  elliptical  orbits^ 
and  computed  the  periods  of  their  revolution.  One  of 
the  stars  of  y  Virginis  revolves  about  the  other  in  629 
years ;  the  periodic  time  of  <t  Corons  is  287  years ; 
that  of  Ca§tor  is  253  years;  that  of  c  Bootes  is  l600  ; 
that  of  70  Ophiuci  is  ascertained  by  Professor  Encke 
to  be  80  iyears ;  and  M.  Savary,  who  has  the  merit  of 
having  first  determined  the  elliptical  elements  of  the 
orbit  of  a  binary  star  from  observation^  has  shown  that 
the  revolution  of  f  Ursse  is  completed  in  5S  years. 
y  Virginis  consists  of  two  stars  of  nearly  the  same 
magnitude.  They  were  so  far  apart  in  the  beginning 
and  middle  of  the  last  century^  that  they  were  men. 
tioned  by  Bradley  and  marked  in  Mayer's  catalogue  as 
two  distinct  stars.  Now^  they  are  so  near  to  one  an. 
other^  that  even  with  good  telescopes  they  look  like  a 
single  star  somewhat  elongated.     A  series  of  observ. 
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ations^  since  the  beginning  of  the  present  century^  has 
enabled  Sir  John  Herschel  to  determine  the  form  and 
position  of  the  elliptical  orbit  of  the  revolving  star  with 
extraordinary  truth.  According  to  his  computation^ 
'it  must  have  arrived  at  its  perihelion  on  the  18th  of 
August  of  the  present  year,  1 834.  The  actual  proximity 
of  the  two  stars  must  then  have  been  extreme,  and  the 
apparent  angular  velocity  so  great  that  it  may  describe 
an  angle  of  68°  in  a  single  year.  Observations  made 
at  the  Cape  of  Good  Hope,  last  May,  by  Sir  John 
Herschel,  as  well  as  those  of  Captain  Smyth,  R.  N.  at 
home,  correspond  in  proving  an  augmentation  of  ve- 
locity as  the  star  was  approaching  its  shortest  distance 
from  its  primary.  By  the  laws  of  ellq>tical  motion,  the 
angular  velocity  of  the  revolving  star  must  now  gradu- 
ally diminish,  till  it  comes  to  its  aphelion  some  314 
years  hence.  The  satellite  star  of  <r  Corons  will  attain 
its  perihelion  about  1835,  and  that  of  Castor  some  time 
in  1855. 

It  sometimes  happens  that  the  edge  of  the  orbit  of  a 
revolving  star  is  presented  to  the  earth,  as  in  v  Serpen- 
tarii.  Then  the  star  seems  to  move  in  a  straight  line, 
and  to  oscillate  on  each  side  of  its  primary.  Five  ob- 
servations are  requisite  in  this  case  for  the  determin- 
ation of  its  orbit,  provided  they  be  accurate.  At  the  time 
Sir  William  Herschel  observed  the  system  in  question, 
the  two  stars  were  distinctly  separate :  at  present,  one  is 
80  completely  projected  on  the  other,  that  M.  Struve, 
with  his  great  telescope,  cannot  perceive  the  smallest 
separation.  On  the  contrary,  the  two  stars  of  %  Orionist, 
which  appeared  to  be  one  in  the  time  of  Sir  William 
Herschel,  are  now  separated.  Were  this  liberation 
owing  to  parallax,  it  would  be  annual,  from  the  revo- 
lution  of  the  earth;   but  as   yiars  elapse  before  it 
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amounts  to  a  sensible  quantity^  it  can  only  arise  from  a 
real  orbitual  motion  seen  obliquely.  Among  the  triple 
stars^  two  of  the  stars  of  ^  Cancri  revolye  about  the 
third.  It  is  remarked  that^  in  general^  the  ellipses  in 
which  the  revolving  stars  of  the  binary  systems  move^  are 
much  more  elongated  than  the  orbits  of  the  planets.  Sir 
John  Herschel^  Sir  James  South^  and  Professor  Struve  of 
Dorpat^  have  increased  Sir  William  HerscheFs  original 
catalogue  of  double  stars  to  more  than  3000^  of  which 
thirty  or  forty  are  known  to  form  revolving  or  binary 
systems^  and  Mr.  Dunlop  has  formed  a  catalogue  of 
25S  double  stars  in  the  southern  hemisphere.  The 
motion  of  Mercury  is  more  rapid  than  that  of  any  other 
planet^  being  at  the  rate  of  107^000  miles  an  hour; 
the  perihelion  velocity  of  the  comet  of  I68O  was  no 
less  than  880^000  miles  an  hour ;  but  if  the  two  stars 
of  £  Ursse  be  as  remote  from  one  another  as  the  nearest 
fixed  star  is  from  the  sun^  the  velocity  of  the  revolving 
stars  must  exceed  the  powers  of  imagination.  The  dis- 
covery of  the  elliptical  motion  of  the  double  stars  ex- 
cites the  highest  interest^  since  it  shows  that  gravitation 
is  not  peculiar  to  our  system  of  planets^  but  that  sys« 
tems  of  suns  in  the  far  distant  regions  of  the  imiverse 
are  also  obedient  to  its  laws. 

Possibly^  among  the  multitudes  of  small  stars^ 
whether  double  or  insulated^  some  may  be  found  near 
enough  to  exhibit  distinct  parallactic  motions^  arising 
from  the  revolution  of  the  earth  in  its  orbit.  Of  two 
stars  apparently  in  close  approximation^  one  may  be  far 
behind  the  other  in  space.  These  may  seem  near  to 
one  another  when  viewed  from  the  earth  in  one  part  of 
its  orbitj  but  may  separate  widely  when  seen  from  the 
earth  in  another  position^  just  as  two  terrestrial  objects 
appear  to  be  one  when  viewed  in  the  same  straight  line^ 
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but  separate  as  the  observer  changes  his  position.  In 
this  case  the  stars  would  not  have  real^  but  only  appa- 
rent^ motion.  One  of  them  would  seem  to  oscillate 
annually  to  and  fro  in  a  straight  line  on  each  side  of 
the  other — a  motion  which  could  not  be  mistaken  for 
that  of  a  binary  system^  where  one  star  describes  an 
ellipse  about  the  other^  or  if  the  edge  of  the  orbit  be 
turned  towards  the  earthy  where  the  oscillations  require 
years  for  their  accomplishment.  Such  parallax  does 
not  yet  appear  to  have  been  made  out^  so  that  the 
actual  distance  of  the  stars  is  stiU  a  matter  of  con- 
jecture. 

The  double  stars  are  of  various  hues^  but  most  fre- 
quently exhibit  the  contrasted  colours.  The  large  star 
is  generally  yellow,  orange^  or  red  ;  and  the  small  star 
blue^  purple^  or  green.  Sometimes  a  white  star  is 
combined  with  a  blue  or  purple^  and  more  rarely  a  red 
and  white  are  united.  In  many  cases^  these  appear- 
ances are  due  to  the  influence  of  contrast  on  our  judg- 
ment of  colours.  For  example^  in  observing  a  double 
star,  where  the  large  one  is  a  full  ruby  red,  or  almost 
blood  colour^  and  the  small  one  a  fine  green,  the  latter 
loses  its  colour  when  the  former  is  hid  by  the  cross 
wires  of  the  telescope.  But  there  are  a  vast  number  of 
instances  where  the  colours  are  too  strongly  marked  to 
be  merely  imaginary.  Sir  John  Herschel  observes,  in 
one  of  his  papers  in  the  Philosophical  Transactions,  as 
a  very  remarkable  fact,  that,  although  red  stars  are 
common  enough,  no  example  of  a  solitary  blue,  green,  or 
purple  one  has  yet  been  produced. 

Besides  revolutions  about  one  another,  some  of  the 
binary  systems  are  carried  forward  in  space  by  a  motion 
common  to  both  stars,  towards  some  unknown  point  in 
the  firmament.     The  two  stars  of  61  Cygni,  which  are 
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nearly  equals  and  have  remained  at  the  .distance  of  about 
15''  from  each  other  for  fifty  years,  have  changed  their 
place  in  the  heavens  during  that  period,  by  4'  23^%  with 
a  motion  which  for  ages  must  appear  uniform  and  rec- 
tilinear :  because,  even  if  the  path  be  curved,  so  small 
a  portion  of  it,  must  appear  a  straight  line  to  us.  Mul- 
titudes of  the  single  stars  also  have  proper  motions,  yet 
so  minute,  that  that  of  f/.  Cassiopeie,  which  is  only 
S''*74  annually,  is  the  greatest  yet  observed :  the  enor. 
mous  distances  of  the  stars  make  motions  appear  small 
to  us,  which  are  in  reality  very  great.  Sir  William 
Herschel  conceived  that,  among  many  irregularities,  the 
motions  of  the  stars  have  a  general  tendency  towards  a 
point  diametrically  opposite  to  that  occupied, by  the  star 
^  Herculis,  which  he  attributed  to  a  motion  of  the  solar 
system  in  the  contrary  direction.  Should  this  really  be 
the  case,  the  stars,  from  the  effects  of  perspective  alone, 
would  seem  to  diverge  in  the  direction  to  which  we  are 
tending,  and  would  apparently  converge  in  the  space 
we  leave,  and  there  would  be  a  r^ularity  in  these  ap- 
parent motions  which  would  in  time  be  detected  ;  but 
if  the  solar  system  and  the  whole  of  the  stars  visible  to 
us  be  carried  forward  in  space  by  a  motion  common  to 
all,  like  ships  drifting  in  a  current,  it  would  be  impos- 
sible for  us,  moving  with  the  rest,  to  ascertain  its 
direction.  There  can  be  no  doubt  of  the  progresHve 
motion  of  the  sun  and  many  of  the  stars,  but  sidereal 
astronomy  is  not  far  enough  advanced  to  determine  what 
relations  these  bear  to  one  another. 

The  stars  are  scattered  very  irregularly  over  the 
firmament.  In  some  places  they  are  crowded  together, 
in  others  thinly  dispersed.  A  few  groups  more  closely 
condensed  form  very  beautiful  objects  even  to  the  naked 
eye,  of  which  the  Pleiades  and  the  constellation  Coma 
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Berenices  are  the  most  striiing  examples;  but  the 
greater  number  of  these  clusters  of  stars  appear  to  un- 
assisted vision  like  thin  white  clouds  or  vapours  :  such 
is  the  milky  wslj,  which^  as  Sir  William  Herschd  has 
proved^  derives  its  brightness  from  the  diffiised  lig^t  of 
the  myriads  of  stars  that  form  it.  Most  of  tiiem  are 
extremely  small^  on  account  of  their  enormous  distances^ 
and  they  are  so  numerous^  that^  according  to  his  esti- 
mation^ no  fewer  than  50^000  passed  through  the  field 
of  his  telescope  in  the  course  of  one  hour  in  a  zone  2^ 
broad.  This  singular  portion  of  the  heavens^  constitut- 
ing part  of  our  firmament^  consists  of  an  extensive 
stratum  of  stars,  whose  thickness  is  small  compared  with 
its  length  and  breadth  ;  the  earth  is  placed  about  mid- 
way between  its  two  surfaces,  near  the  point  where  it 
diverges  into  two  branches.  Many  clusters  of  stars 
appear  like  white  clouds,  or  round  comets  without  tails, 
either  to  unassisted  vision  or  with  ordinary  telescopes  ; 
but,  seen  with  powerful  instruments.  Sir  John  Herschel 
describes  them  as  conveying  the  idea  of  a  globular  space 
filled  full  of  stars  insulated  in  the  heavens,  and  con- 
stituting a  family  or  society  apart  from  the  rest,  subject 
only  to  its  own  internal  laws.  To  attempt  to  count  the 
stars  in  one  of  these  globular  clusters,  he  says,  would 
be  a  vain  task,  — that  they  are  not  to  be  reckoned  by 
hundreds,  —  and,  on  a  rough  computation,  it  appears 
that  many  clusters  of  this  description  must  contain  ten 
or  twenty  thousand  stars  compacted  and  wedged  together 
in  a  round  space,  whose  area  is  not  more  than  a  ten^ 
part  of  that  covered  by  the  moon  ;  so  that  its  centre^ 
where  the  stars  are  seen  projected  on  each  other,  is  one 
blaze  of  light^  If  each  of  these  stars  be  a  sun,  and  if 
they  be  separated  by  intervals  equal  to  that  which  aepa- 
'Note  217. 
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rates  our  sun  from  the  nearest  fixed  star^  the  distance 
which  renders  the  whole  cluster  hardy  visihle  to  the 
naked  eye  must  he  so  great,  that  the  existence  of  this 
splendid  assemhlage  can  only  he  known  to  us  hy  light 
which  must  have  left  it  at  least  a  thousand  years  ago. 
Occasionally  these  clusters  are  so  irregular  and  so  im- 
defined  in  their  outline,  as  merely  to  suggest  the  idea  of 
a  richer  part  of  the  heavens.  They  contain  fewer  stars 
than  the  glohular  clusters,  and  sometimes  a  red  star 
forms  a  conspicuous  ohject  among  them.  These  Sir 
William  Herschel  regarded  as  the  rudiments  of  glohular 
clusters  in  a  less  advanced  state  of  condensation,  hut 
tending  to  that  form  hy  their  mutual  attraction. 

Miiltitudes  of  nehulous  spots  are  to  he  seen  on  the 
dear  vault  of  heaven  which  have  every  appearance  of 
being  dusters  like  those  described,  but  are  too  distant  to 
be  resolved  into  stars  by  the  most  excellent  telescopes. 
This  nebulous  matter  exists  in  vast  abundance  in  space. 
No  fewer  than  2000  nebulffi  and  dusters  of  stars  were 
observed  by  Sir  William  Herschd,  whose  places  have 
been  computed  from  his  observations,  reduced  to  a 
common  epoch,  and  arranged  into  a  catalogue  in  order 
of  right  ascension  by  his  sister.  Miss  Caroline  Herschel, 
a  lady  so  justly  eminent  for  astronomical  knowledge  and 
discovery.  Six  or  seven  hundred  nebulie  have  already 
been  ascertained  in  the  southern  hemisphere ;  of  these 
the  Magellanic  clouds  are  the  most  remarkable.  The 
nature  and  use  of  this  matter,  scattered  over  the  heavens 
in  such  a  variety  of  forms,  is  involved  in  the  greatest 
obscurity.  That  it  is  a  self-luminous,  phosphorescent, 
material  substance,  in  a  highly  dilated  or  gaseous  state, 
but  gradually  subsiding  by  the  mutual  gravitation  of  its 
partides  into  stars  and  sidereal  systems,  is  the  hypo- 
thesis most  generally  received.     But  the  only  way  that 
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any  real  knowledge  on  this  mysterious  subject  can  be 
obtained^  is  by  the  determination  of  the  form,  place, 
and  present  state  of  each  individual  nebula ;  and  a  com- 
parison of  these  with  future  observations  will  show 
generations  to  come,  the  changes  that  may  now  be  going 
on  in  these  supposed  rudiments  of  future  systems. 
With  this  view,  Sir  John  Herschel  began  in  the  year 
1825  the  arduous  and  pious  task  of  revising  his  illus- 
trious father's  observations,  which  he  finished  a  short 
time  before  he  sailed  for  the  Cape  of  Good  Hope,  in 
order  to  disclose  the  mysteries  of  the  southern  hemi- 
sphere :  indeed,  our  .firmament  seems  to  be  exhausted 
till  farther  improvements  in  the  telescope  shall  enable 
astronomers  to  penetrate  deeper  into  space.  In  a 
truly  splendid  paper  read  before  the  Royal  Society  on 
the  21st  of  November,  1833,  he  gives  the  places  of 
2500  nebulse  and  clusters  of  stars.  Of  these  500  are 
new,  —  the  rest  he  mentions  with  peculiar  pleasure  as 
having  been  most  accurately  determined  by  his  father. 
This  work  is  the  more  extraordinary,  as,  from  bad 
weather,  fogs,  twilight,  and  moonlight,  these  shadowy 
appearances  are  not  visible,  on  an  average,  above  thirty 
nights  in  the  year. 

The  nebulfle  have  great  variety  of  forms.  Vast  mul- 
titudes are  so  faint  as  to  be  with  difficulty  discerned  at 
all  till  they  have  been  for  some  time  in  the  field  of  the 
telescope,  or  are  just  about  to  quit  it.  Many  present  a 
large  ill-defined  surface,  in  which  it  is  difficult  to  say 
where  the  centre  of  the  greatest  brightness  is.  Some 
cling  to  stars  like  wisps  of  cloud ;  others  exhibit  the 
wonderful  appearance  of  an  enormous  flat  ring  seen 
very  obliquely,  with  a  lenticular  vacancy  in  the  centre.^ 
A  very  remarkable  instance  of  an  annular  nebula  is  to 
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be  seen  exactly  half-way  between  j3  and  7  Lyre.  It  is 
elliptical  in  the  ratio  of  4  to  5^  is  sharply  defined^  the 
internal  opening  occupying  about  half  the  diameter. 
This  opening  is  not  entirely  dark^  but  filled  up  with  a 
faint  hazy  lights  aptly  compared  by  Sir  John  Herschel 
to  fine  gauze  stretched  over  a  hoop.^  Two  are  described 
as  most  amazing  objects: — One  like  a  dumb-bell  or 
hour-glass  of  bright  matter^  surrounded  by  a  thin  hazy 
atmosphere,  so  as  to  give  the  whole  an  oval  form^  or 
the  appearance  of  an  oblate  spheroid.  This  phenomenon 
bears  no  resemblance  to  any  known  object.^  The  other 
consists  of  a  bright  round  nucleus,  surrounded  at  a  dis- 
tance by  a  nebulous  ring  split  through  half  its  circum- 
ference^ and  having  the  split  portions  separated  at  an 
angle  of  45°  each  to  the  plane  of  the  other.  This  ne- 
bula bears  a  strong  similitude  to  the  milky  way,  and 
suggested  to  Sir  John  Herschel  the  idea  of  a  '^  brother 
system  bearing  a  real  physical  resemblance  and  strong 
analogy  of  structure  to  our  own.***  It  appears  that 
double  nebule  are  not  unfrequent^  exhibiting  all  the 
varieties  of  distance^  position,  and  relative  brightness 
with  their  counterparts  the  double  stars.  The  rarity  of 
single  nebule  as  large,  faint,  and  as  little  condensed  in 
the  centre  as  these^  makes  it  extremely  improbable  that 
two  such  bodies  should  be  accidentally  so  near  as  to 
touchy  and  often  in  part  to  overlap  each  other  as  these 
do.  It  is  much  more  likely  that  they  constitute  sys» 
tems ;  and  if  so,  it  will  form  an  interesting  subject  of 
future  enquiry  to  discover  whether  they  possess  orbitual 
motion. 

Stellar  nebuls  form  another  class.     These  have  a 
round  or  oval  shape,  increasing  in  density  towards  the 
centre.     Sometimes  the  matter  is  so  rapidly  condensed 
^  Note  219.  3  Note  8%  >  Note  221. 
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as  to  give  the  whole  the  appearance  of  a  star  with  a 
bltir^  or  like  a  candle  shining  through  horn.  In  some 
instances  the  central  matter  is  so  highly  and  suddenly 
condensed,  so  vivid  and  sharply  defined^  that  the  nebula 
might  he  taken  for  a  bright  star  surrounded  by  a  thin 
atmosphere.  Such  are  nebulous  stars.  The  zodiacal 
lights  or  lenticular-shaped  atmosphere  of  the  sun^  which 
may  be  seen  extending  beyond  the  orbits  of  Mercury 
and  Venus  soon  after  sunset  in  the  months  of  April 
and  May^  is  supposed  to  be  a  condensation  of  the  ethe- 
real medium  by  his  attractive  force^  and  seems  to  place 
our  sun  among  the  class  of  stellar  nebulie.  The  stel- 
lar nebuls  and  nebulous  stars  assume  all  degrees  of  el- 
lipticity.  Not  unfrequently  they  are  long  and  narrow^ 
like  a  spindle-shaped  ray^  vdth  a  bright  nucleus  in  the 
centre.^  The  last  class  mentioned  by  Sir  John  Herschel 
are  the  planetary  nebulse.  These  bodies  have  exactly 
the  appearance  of  planets^  with  sensibly  round  or  oval 
discs^  sometimes  sharply  terminated^  at  other  times  hazy 
and  ill  defined.  Their  surface^  which  is  blue  or  bluish- 
white^  is  equable  or  slightly  mottled^  and  their  light 
occasionally  rivals  that  of  the  planets  in  vividness.  They 
are  generally  attended  by  minute  stars^  which  give  the 
idea  of  accompanying  satellites.  These  nebulie  are  of 
enormous  dimensions.  One  of  them^  near  y  Aquarii^ 
has  a  sensible  diameter  of  about  %0^^y  and  another  pre. 
sents  a  diameter  of  12''''.  Sir  John  Herschel  has  com- 
puted that^  if  these  objects  be  as  far  from  us  as  the 
stars,  their  real  magnitude,  on  the  lowest  estimation^ 
must  be  such  as  would  fill  the  orbit  of  Uranus.  He 
concludes  that,  if  they  be  solid  bodies  of  a  solar  nature^ 
their  intrinsic  splendour  must  be  greatly  inferior  to  that 
of  the  sun^  because  a  circular  portion  of  the  sun's  disc^ 
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subtending  an  angle  of  20^^^  would  give  a  light  equal  to 
that  of  a  hundred  full  moons;  while^  on  the  contrary^  the 
objects  in  question  are  hardly^  if  at  all^  visible  to  the 
naked  eye.  From  the  uniformity  of  the  discs  of  the 
planetary  nebulae^  and  their  want  of  apparent  condens* 
ation^  he  presumes  that  they  may  be  hollow  shells^ 
only  emitting  light  from  their  surfaces. 

The  existence  of  every  degree  of  ellipticity  in  the 
nebulae — from  long  lenticular  rays  to  the  exact  circular 
form^— -and  of  every  shade  of  central  condensation-— 
from  the  slighest  increase  of  density  to  apparently  a 
solid  nucleus^ — may  be  accounted  for  by  supposing  the 
general  constitution  of  these  nebule  to  be  that  of  ob- 
late spheroidal  masses  of  every  degree  of  flatness^  from 
the  sphere  to  the  disc,  and  of  every  variety  in  their  den- 
sity and  ellipticity  towards  the  centre.  It  would  be 
erroneous  however  to  imagine,  that  the  forms  of  these 
systems  are  maintained  by  forces  identical  with  those 
already  described,  which  determine  the  form  of  a  fluid 
mass  in  rotation  ;  because,  if  the  nebulie  be  only  clus- 
ters of  separate  stars,  as  in  the  greater  numbet  of  cases 
there  is  every  reason  to  believe  them  to  be,  no  pressure 
can  be  propagated  through  them.  Consequently,  since 
no  general  rotation  of  such  a  system  as  one  mass  can  be 
supposed,  it  may  be  conceived  to  be  a  quiescent  form, 
comprising  within  its  limits  an  indefinite  multitude  of 
stars,  each  of  which  may  be  moving  in  an  orbit  about 
the  common  centre  of  the  whole,  in  virtue  of  a  law  of 
internal  gravitation  resulting  from  the  compound  gnu 
vitation  of  all  its  parts.  Sir  John  Herschel  has  proved 
that  the  existence  of  such  a  system  is  not  inconsistent 
with  the  law  of  gravitation  under  certain  conditions. 

The  distribution  of  the  nebulse  over  the  heavens  is 
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eyen  more  irregular  than  that  of  the  stars.  In  some 
phtoes  they  are  so  crowded  together  as  scarcely  to  allow 
one  to  pass  through  the  field  of  the  telescope  before 
another  appears^  while  in  other  parts  hours  elapse  with- 
out a  single  nebula  occurring.  They  are  in  general 
only  to  be  seen  with  the  very  best  telescopes^  and  are 
most  abundant  in  a  zone  whose  general  direction  is  not 
far  from  the  hour  circles  0^  and  12^^  and  which  crosses 
the  milky  way  nearly  at  right  angles.  Where  that  zone 
crosses  the  constellations  Virgo^  Coma  Berenices^  and 
the  Great  Bear^  they  are  to  be  found  in  multitudes. 

Such  is  a  brief  account  of  the  discoveries  contained 
in  Sir  John  Herschel's  paper,  which,  for  sublimity  of 
views  and  patient  investigation,  has  not  been  surpassed. 
To  him  and  to  Sir  William  Herschel  we  owe  almost  all 
that  is  known  of  sidereal  astronomy ;  and  in  the  inimit- 
able works  of  that  highly  gifted  father  and  son,  the 
reader  will  find  this  subject  treated  of  in  a  style 
altogether  worthy  of  it,  and  of  them. 

So  numerous  are  the  objects  which  meet  our  view  in 
the  heavens,  that  we  cannot  imagine  a  part  of  space 
where  some  light  would  not  strike  the  eye  ;^ — innumer- 
able stars,  thousands  of  double  and  multiple  systems, 
clusters  in  one  blaze  with  their  tens  of  thousands  of 
stars,  and  the  nebulse  amazing  us  by  the  strangeness  of 
their  forms  and  the  incomprehensibility  of  their  nature^ 
till  at  last,  from  the  limit  of  our  senses,  even  these  thin 
and  airy  phantoms  vanish  in  the  distance.  If  such 
remote  bodies  shone  by  reflected  light,  we  should  be 
unconscious  of  their  existence.  Each  star  must  then  be 
a  sun,  and  may  be  presumed  to  have  its  system  of 
planets,  satellites,  and  comets,  like  our  own;  and,  for 
aught  we  know,  myriads  of  bodies  may  be  wandering  in 
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space  unseen  by  us^  of  whose  nature  we  can  form  no 
idea^  and  still  less  of  the  part  they  perform  in  the  eco« 
nomy  of  the  universe.  Nor  is  this  an  unwarranted 
presumption ;  many  such  do  come  within  the  sphere  of 
the  earth's  attraction^  are  ignited  by  the  Telocity  with 
which  they  pass  through  the  atmosphere^  and  are  pre- 
cipitated with  great  violence  on  the  earth.  The  fall  of 
meteoric  stones  is  much  more  frequent  than  is  generally 
believed.  Hardly  a  year  passes  without  some  instances 
occurring;  and  if  it  be  considered  that  only  a  small  part 
of  the  earth  is  inhabited^  it  may  be  presumed  that 
numbers  fall  in  the  ocean^  or  on  the  uninhabited  part  of 
the  land^  unseen  by  man.  They  are  sometimes  of  great 
magnitude  ;  the  volume  of  several  has  exceeded  that  of 
the  planet  Ceres^  which  is  about  '70  miles  in  diameter. 
.One  which  passed  within  25  miles  of  us  was  estimated 
to  weigh  about  600,000  tons,  and  to  move  with  a 
velocity  of  about  20  miles  in  a  second,  —  a  fragment  of 
it  alone  reached  the  earth.  The  obliquity  of  the  descent 
of  meteorites,  the  peculiar  substances  they  are  composed 
of,  and  the  explosion  accompanying  their  fall,  show 
that  they  are  foreign  to  our  system.  Luminous  spots, 
altogether  independent  of  the  phases,  have  occasionally 
appeared  on  the  dark  part  of  the  moon;  these  have 
been^  ascribed  to  the  light  arising  from  the  eruption  of 
volcanos ;  whence  it  has  been  supposed  that  meteorites 
have  been  projected  from  the  moon  by  the  impetus  of 
volcanic  eruption.  It  has  even  been  computed,  that  if 
a  stone  were  projected  from  the  moon  in  a  vertical  line, 
with  an  initial  velocity  of  1 0,992  feet  in  a  second,  — 
more  than  four  times  the  velocity  of  a  ball  when  first 
discharged  from  a  cannon, — instead  of  falling  back  to 
the  moon  by  the  attraction  of  gravity,  it  would  come 
within  the  sphere  of  the  earth  s  attraction,  and  revolve 
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about  it  like  a  satellite.  These  bodies^  impelled  either 
by  the  direction  of  the  primitiye  impidse,  or  by  the  dis- 
turbing action  of  the  sun^  might  idtimately  penetrate 
the  earth's  atmosphere^  and  arrive  at  its  surface.  But 
from  whatever  source  meteoric  stones  may  come^  it 
seems  highly  probable  that  they  have  a  common  origin^ 
from  the  uniformity — we  may  almost  say  identity — 
of  their  chemical  composition. 
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SECTION  XXXVII. 

DIFFUSION     OF     HATTER     THROUGH     SPACE.  — -  6RAVITATIOK.  -— 

ITS     VELOCITY. SIMFLICITT     OF     ITS     LAW.  —  GRAVITATION 

INDEPEKBENT    OF    THE     MAGNITUDE    AND    DISTANCES    OF    THE 

BODIES. NOT     IMPEDED     BY     THE     INTERVENTION     OF     ANY 

SUBSTANCE. ITS    INTENSITY   INVARIABLE.-— GENERAL   LAWS. 

— •  REOAPITULATION   AND    CONCLUSION. 

The  known  quantity  of  matter  bears  a  very  small  pro- 
portion to  the  immensity  of  space.  Large  as  the  bodies 
are^  the  distances  which  separate  them  are  immeasurably 
greater;  but  as  design  is  manifest  in  every  part  of 
creation^  it  is  probable^  that  if  the  various  systems  in 
the  universe  had  been  nearer  to  one  another^  their  mutual 
disturbances  would  have  been  inconsistent  with  the 
harmony  and  stability  of  the  whole.  It  is  clear  that 
space  is  not  pervaded  by  atmospheric  air^  since  its  re- 
sistance woidd^  long  ere  this^  have  destroyed  the  velo- 
city  of  the  planets ;  neither  can  we  affirm  it  to  be  a 
void,  since  it  seems  to  be  replete  with  ether^  and  traversed 
in  all  directions  by  lights  heat^  gravitation^  and  possibly 
by  influences  whereof  we  can  form  no  idea. 

Whatever  the  laws  may  be  that  obtain  in  the  more 
distant  regions  of  creation^  we  are  assured  that  one 
alone  regulates  the  motions^  not  only  of  our  own  system^ 
but  also  the  binary  systems  of  the  fixed  stars ;  and  as 
general  laws  form  the  ultimate  object  of  philosophical 
research^  we  cannot  conclude  these  remarks  without 
considering  the  nature  of  gravitation — that  extraor- 
dinalry  power^  whose  effects  we  have  been  endeavouring 
to  trace  through  some  of  their  mazes.     It  was  at  one 
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time  imagined  that  the  acceleration  in  the  moon's  mean 
motion  was  occasioned  by  the  successive  transmission  of 
the  gravitating  force.  It  has  been  proved^  that  in 
order  to  produce  this  effect^  its  velocity  must  be  about 
fifty  millions  of  times  greater  than  that  of  lights  which 
flies  at  the  rate  of  200^000  miles  in  a  second.  Its 
action^  even  at  the  distance  of  the  sun^  may  therefore 
be  regarded  as  instantaneous;  yet  so  remote  are  the 
nearest  of  the  fixed  stars^  that  it  may  be  doubted 
whether  the  sun  has  any  sensible  influence  on  them. 

The  curves  in  which  the  celestial  bodies  move  by 
the  force  of  gravitation  are  only  lines  of  the  second 
order.  The  attraction  of  spheroids,  according  to  any 
other  law  of  force  than  that  of  gravitation,  would  be 
much  more  complicated;  and  as  it  is  easy  to  prove 
that  matter  might  have  been  moved  according  to  an  in- 
finite variety  of  laws,  it  may  be  concluded  that  gravit- 
ation must  have  been  selected  by  Divine  Wisdom  out 
of  an  infinity  of  others,  as  being  the  most  simple,  and 
that  which  gives  the  greatest  stability  to  the  celestial 
motions. 

It  is  a  singular  residt  of  the  simplicity  of  the  laws  of 
nature,  which  admit  only  of  the  observation  and  com- 
parison of  ratios,  that  the  gravitation  and  theory  of  the 
motions  of  the  celestial  bodies  are  independent  of  their 
absolute  magnitudes  and  distances.  Consequently,  if 
all  the  bodies  of  the  solar  system,  their  mutual  dis- 
tances, and  their  velocities,  were  to  diminish  propor- 
tionally, they  would  describe  curves  in  all  respects 
similar  to  those  in  which  they  now  move;  and  the 
system  might  be  successively  reduced  to  the  smallest 
sensible  dimensions,  and  still  exhibit  the  same  appear- 
ances. We  learn  by  experience  that  a  very  different 
law  of  attraction  prevails  when  the  particles  of  matter 
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are  placed  within  inappreciable  distances  from  each 
other^  as  in  chemical  and  capillary  attraction  and  the 
attraction  of  cohesion.  Whether  it  be  a  modification  of 
gravity^  or  that  some  new  and  unknown  power  comes 
into  action^  does  not  appear.  But  as  a  change  in  the 
law  of  the  force  takes  place  at  one  end  of  the  scale^  it 
is  possible  that  gravitation  may  not  remain  the  same 
throughout  every  part  of  space.  Perhaps  the  day  may 
come^  when  even  gravitation^  no  longer  regarded  as  an 
ultimate  principle^  may  be  resolved  into  a  yet  more 
general  cause^  embracing  every  law  that  regulates  the 
material  world. 

The  action  of  the  gravitating  force  is  not  impeded 
by  the  intervention  even  of  the  densest  substances.  If 
the  attraction  of  the  sun  for  the  centre  of  the  earthy 
and  of  the  hemisphere  diametricaUy  opposite  to  him^ 
were  diminished  by  a  difficulty  in  penetrating  the  in- 
terposed matter^  the  tides  would  be  more  obviously 
affected.  Its  attraction  is  the  same  also^  whatever  the 
substances  of  the  celestial  bodies  may  be ;  for  if  the 
action  of  the  sun  upon  the  earth  differed  by  a  millionth 
part  from  his  action  upon  the  moon^  the  difference 
would  occasion  a  periodical  variation  in  the  moon's 
parallax^  whose  maximum  would  be  the  -^  o£  a  second^ 
and  also  a  variation  in  her  longitude  amounting  to 
several  seconds ;  a  supposition  proved  to  be  impossible^ 
by  the  agreement  of  theory  with'observation.  Thus 
all  matter  is  pervious  to  gravitation^  and  is  equally 
attracted  by  it. 

As  far  as  human  knowledge  extends^  the  intensity  of 
gravitation  has  never  varied  within  the  limits  of  the 
solar  system ;  nor  does  even  analogy  lead  us  to  expect 
that  it  should :  on  the  contrary^  there  is  every  reason 
to  be  assured  that  the  great  laws  of  the  universe  aie 
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immutable^  like  their  Author.     Not  only  the  sun  and 
planets^  but  the  minutest  particles^  in  all  the  yarieties 
of  their  attractions  and  repulsions^ — ^nay^  even  the  im- 
ponderable matter  of  the  electric^  galvanic^  or  magnetic 
fluids— -are  all  obedient  to  permanent  laws^  though  we 
may  not  be  able  in  every  case  to  resolve  their  pheno- 
mena into  general  principles.     Nor  can  we  suppose  the 
structure  of  the  globe  alone  to  be  exempt  from  the 
universal  fiat^  though  ages  may  pass  before  the  changes 
it  has  undergone^  or  that  are  now  in  progress^  can  be 
referred  to   existing  causes   with   the  same  certainty 
with  which  the  motions  of  the  planets^  and  all  their 
periodic  and  secular  variations^  are  referable  to  the  law 
of  gravitation.     The  traces  of  extreme  antiquity  per- 
petually occurring  to  the  geologist^  give  that  information 
as  to  the  origin  of  things^  in  vain  looked  for  in  the 
other  parts  of  the  imiverse.     They  date  the  beginning 
of  time  with   regard   to  our  system;   since   there  is 
ground  to  believe  that  the  formation  of  the  earth  was 
contemporaneous  with  that  of  the  rest  of  the  planets  ; 
but  they  show  that  creation  is  the  work  of  Him  with 
whom  ^^  a  thousand  years  are  as  one  day^  and  one  day  as 
a  thousand  years.'' 

In  the  work  now  brought  to  a  conclusion^  it  has 
been  necessary  to  select  from  the  whole  circle  of  the 
sciences  a  few  of  the  most  obvious  of  those  proximate 
links  which  connect  them  together^  and  to  pass  over  in- 
numerable cases  both  of  evident  and  occult  alliance. 
Any  one  branch  traced  through  its  ramifications  would 
have  alone  occupied  a  volume;  it  is  hoped,  nevertheless, 
that  the  view  here  given  wiU  suffice  to  show  the 
extent,  to  which  a  consideration  of  the  reciprocal  in- 
fluence of  even  a  few  of  these  subjects  may  ultimately 
lead.     It  thus  appears  that  the  theory  of  dynamics. 
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founded  upon  terrestrial  phenomena^  is  indispensable 
for  acquiring  a  knowledge  of  the  rerolutions  of  the 
celestial  bodies  and  their  reciprocal  influences.  The 
motions  of  the  satellites  are  affected  by  the  forms  of 
their  primaries^  and  the  figures  of  the  planets  them, 
selves  depend  upon  their  rotations.  The  symmetry  of 
their  internal  structure  proves  the  stability  of  these 
rotatory  motions^  and  the  immutability  of  the  length  of 
the  day^  which  furnishes  an  invariable  standard  of 
time ;  and  the  actual  size  of  the  terrestrial  spheroid 
affords  the  means  of  ascertaining  the  dimensions  of  the 
solar  system^  and  provides  an  invariable  foundation  for 
a  system  of  weights  and  measures.  The  mutual 
attraction  of  the  celestial  bodies  disturbs  the  fluids  at 
their  surfaces^  whence  the  theory  of  the  tides  and  the 
wQscillations  of  the  atmosphere.  The  density  and 
elasticity  of  the  air,  varying  with  every  alternation  of 
temperature,  lead  to  the  consideration  of  barometrical 
changes^  the  measurement  of  heights^  and  capillary 
attraction;  and  the  doctrine  of  sounds  including  the 
theory  of  music,  is  to  be  referred  to  the  small  undu. 
lations  of  the  aerial  medium.  A  knowledge  of  the 
action  of  matter  upon  light  is  requisite  for  tracing  the 
curved  path  of  its  rays  through  the  atmosphere,  by 
which  the  true  places  of  distant  objects  are  determined, 
whether  in  the  heavens  or  on  the  earth.  By  this  we 
learn  the  nature  and  properties  of  the  sunbeam,  the 
mode  of  its  propagation  through  the  etheriai  fluid,  or 
in  the  interior  of  material  bodies,  and  the  origin  of 
colour.  By  the  eclipses  of  Jupiter's  satellites,  the 
velocity  of  light  is  ascertained,  and  that  velocity,  in  the 
aberration  of  the  fixed  stars,  furnishes  the  only  direct 
proof  of  the  real  motion  of  the  earth.  The  effects  of 
the   invisible   rays   of    light    are    immediately     con- 
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nected  Tvith  chemical  action;  and  heat^  forming  a 
part  of  the  solar  ray^  so  essential  to  animated  and 
inanimated  existence^  whether  considered  as  invisible 
light  or  as  a  distinct  quality^  is  too  important  an  agent 
in  the  economy  of  creation^  not  to  hold  a  principal  place 
in  the  connection  of  physical  sciences.  Whence  follows 
its  distribution  in  the  interior^  and  over  the  surface  of 
the  globe^  its  power  on  the  geological  convulsions  of 
our  planet^  its  influence  on  the  atmosphere  and  on 
climate^  and  its  effects  on  vegetable  and  animal  life^ 
evinced  in  the  localities  of  organised  beings  on  the 
earthy  in  the  waters^  and  in  the  air.  The  connection 
of  heat  with  electrical  phenomena,  and  the  electricity 
of  the  atmosphere^  together  with  all  its  energetic  effects^ 
its  identity  with  magnetism  and  the  phenomena  of 
terrestrial  polarity^  can  only  be  understood  from  the 
theories  of  these  invisible  agents,  and  are,  probably, 
principal  causes  of  chemical  affinities.  Innumerable 
instances  might  be  given  in  illustration  of  the  im- 
mediate connection  of  the  X'hysical  sciences,  most  of 
which  are  united  still  more  closely  by  the  common 
bond  of  analysis,  which  is  daily  extending  its  empire, 
and  will  ultimately  embrace  almost  every  subject  in 
nature  in  its  formuls. 

These  formulae,  emblematic  of  Omniscience,  con- 
dense into  a  few  symbols  the  immutable  laws  of  the 
universe.  This  mighty  instrument  of  human  power, 
itself  origihs^s  in  the  primitive  constitution  of  the 
human  mind,  and  rests  upon  a  few  fundamental  axioms, 
which  have  eternally  existed  in  Him  who  implanted 
them  in  the  breast  of  man  when  he  created  him  after 
His  own  image. 
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SrN'CP  the  preceding  sheets  were  printedj  M.  Mdlom 
has  publislied  an  account  of  his  discoveries  in  the  in- 
stantaneous transmission  of  radiant  heatj  ivhich  are  so 
important  and  interesting^  as  to  justify  a  fuller  state- 
ment of  them  than  has  been  given  in  tile  text*  Rajs 
of  heat  dart  in  straight  hnes  from  flame  and  all  hot 
bodies.  Their  transmission  through  sohd  and  liquid 
substances  is  instantaneous^  there  being  no  a^preciab]<^ 
diiference  in  the  time  they  take  to  pass  through  layers  of 
any  natiu-o  or  thickness  whatever.  They  pass  also  with 
the  same  facility,  whether  the  media  be  agitated  or  at 
rest^  and  in  these  respects  the  analogy  between  Bght  and 
heat  is  perfect.  The  transmission  of  this  kind  of  beat 
through  various  bodies,  forms  the  subject  of  M.  Melloni^a 
experiments.  The  instrumunt  he  employs  for  measur- 
ing the  intensity  of  the  caloric^  is  a  thermo-electric 
pile,  formed  of  slender  rods  of  bismuth  and  antimony , 
soldered  together.  When  beat  is  applied  to  this  ap- 
paratusj  electricity  is  evolved^  wliose  intensity,  and 
consequently  that  of  the  beat  producing  it,  is  marked 
by  a  galvanometer,  to  which  the  electricity  is  con- 
veyed by  wires.  Radiant  heat  passeSj  in  diffeTent 
quantities  J  through  a  certain  class  of  solid  and  liquid 
substances  ;  but  the  traTlsmissive  power  is  totally 
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independent  of  transparency ;  some  substances  which 
are  nearly  opaque  giving  a  free  passage  to  the  calo- 
rific rays,  whilst  others,  altogether  hmpid^  exclude 
the  greater  part  of  them.  For  example,  thin  and  per- 
fectly transparent  plates  of  alum  and  citric  acid  sensibly 
transmit  all  the  rays  of  light  from  an  argand  lamp,  but 
stop  eight  or  nine  tenths  of  the  concomitant  heat,  whilst 
a  large  piece  of  brown  rock  crystal  gives  a  free  passage 
to  the  radiant  heat,  but  intercepts  almost  aU  the  light. 
M.  Melloni  has  established  the  general  law  in  uncrystal. 
Used  substances,  such  as  glass  and  liquids,  that  the 
property  of  instantaneously  transmitting  heat  is  in  pro. 
portion  to  their  refractive  powers.  The  law,  however, 
is  entirely  at  fault  in  bodies  of  a  crystalline  texture. 
Carbonate  of  lead,  for  instance,  which  is  colourless^ 
and  possesses  a  very  high  refractive  power  with  regard 
to  hght,  transmits  less  radiant  heat  than  Iceland  spar, 
or  rock  crystal,  which  are  very  inferior  to  it  in  the 
order  of  refrangibility ;  whilst  rock  salt,  which  has  the 
same  transparency  and  refractive  power  with  alum  and 
citric  acid,  transmits  six  or  eight  times  as  much  caloric. 
This  remarkable  difference  in  the  transmissive  power  of 
substances  having  the  same  appearance,  is  attributed  by 
M.  Melloni  to  their  crystalline  form,  and  not  to  the 
chemical  composition  of  their  molecules,  as  the  following 
experiments  prove.  A  block  of  common  salt,  cut  into 
plates,  entirely  excludes  calorific  radiation,  yet  when 
dissolved  in  water  it  increases  the  transmissive  power 
of  that  Hquid :  moreover,  the  transmissive  power  of 
water  is  increased  in  nearly  the  same  degree,  whether 
salt  or  alum  be  dissolved  in  it,  yet  these  two  substances 
transmit  very  different  quantities  of  heat  in  their  solid 
state.  But,  notwithstanding  the  influence  of  crystal- 
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lization  on  the  transmissiye  power  of  bodies^  no  relation 
has  been  traced  between  that  power  and  their  crystalline 
form.  The  transmission  of  radiant  heat  is  analogous 
to  that  of  light  through  coloured  media.  When  common 
white  lights  consisting  of  blue^  yellow^  and  red  rays^ 
passes  through  a  red  liquid^  almost  all  the  blue  and  yel- 
low rays,  and  a  few  of  the  red,  are  intercepted  by  the 
first  layer  of  the  fluid ;  fewer  are  intercepted  by  the  se- 
cond, stiU  less  by  the  third,  and  so  on ;  till,  at  last,  the 
losses  become  very  small  and  invariable,  and  those  rays 
alone  are  transmitted  which  give  the  red  colour  to  the 
liquid.  In  a  similar  manner,  when  plates  of  the  same 
thickness  of  any  substance,  such  as  glass,  are  exposed 
to  an  argand  lamp,  a  considerable  portion  of  the  radiant 
heat  is  arrested  by  the  first  plate,  a  less  portion  by  the 
second,  still  less  by  the  third,  and  so  on,  the  quantity 
of  heat  lost  decreasing,  till  at  last  the  loss  becomes  a 
constant  quantity.  The  transmission  of  radiant  heat 
through  a  solid  mass,  follows  the  same  law.  The  losses 
are  very  considerable  on  first  entering  it,  but  they 
rapidly  diminish  in  proportion  as  the  heat  penetrates 
deeper,  and  become  constant  at  a  certain  depth.  In. 
deed,  the  only  difference  between  the  transmission  of 
radiant  heat  through  a  solid  mass,  or  through  the  same 
mass  when  cut  into  plates  of  equal  thickness,  arises 
from  the  small  quantity  of  heat  that  is  reflected  at  the 
surfaces  of  the  plates.  It  is  evident,  therefore,  that  the 
heat  graduaUy  lost^  is  not  intercepted  at  the  surface,  but 
absorbed  in  the  interior  of  the  substance. 

By  experiments  on  caloric  radiated  from  sources  of 
different  temperatures,  M.  Melloni  has  proved  that  the 
heat  emanating  from  the  sun  or  from  a  bright  flame, 
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consists  of  rays  'which  differ  from  each  other  as  much 
as  the  red,  yellow,  and  blue  rays  do,  which  constitute 
white  light.  This  explains  the  reason  of  the  losses  of 
heat  in  penetrating  deeper  and  deeper  into  a  solid  mass, 
or  in  passing  through  a  series  of  plates ;  for,  of  the  dif- 
ferent kinds  of  rays  which  dart  from  a  vivid  flame,  all 
are  successively  extinguished  by  the  absorbing  nature  of 
the  substance  through  which  they  pass,  till  those  homo- 
geneous rays  alone  remain  which  have  the  greatest 
facility  of  passing  through  that  particular  substance, 
exactly  as  in  a  red  liquid  the  blue  and  yellow  rays  are 
extinguished  and  the  red  are  transmitted. 

M.  Melloni  employed  four  sources  of  caloric,  two  of 
which  were  luminous  and  two  obscure ;  namely,  an  oil 
lamp  without  a  glass,  incandescent  platina,  copper 
heated  to  696  degrees, .  and  a  copper  vessel  filled 
with  water  at  the  temperature  of  178 J  degrees  of 
Fahrenheit.  Rock  salt  transmitted  heat  in  the  pro- 
portion of  92  rays  out  of  IdO  from  each  of  these 
sources ;  but  all  other  substances,  pervious  to  radiant 
heat,  whether  solid  or  liquid,  transmit  more  caloric 
from  sources  of  high  temperature,  than  from  such 
as  are  low.  For  instance,  limpid  and  colourless  flu- 
ate  of  lime  transmitted  in  the  proportion  of  7S  rays 
out  of  100  from  the  lamp,  69  from  the  platina,  42 
from  the  copper,  and  33  from  the  hot  water;  while 
transparent  rock  crystal  transmitted  38  rays  in  100 
from  the  lamp,  28  from  the  platina,  6  from  the  copper^ 
and  9  from  the  hot  water.  Pure  ice  transmitted  only 
in  the  proportion  of  6  rays  in  the  100  from  the  lamp, 
and  entirely  excluded  those  from  the  other  three  sources. 
Out  of  39  different  substances,  34  were  impervious  to 
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the  calorific  rays  from  hot  water,  14  excluded  those 
from  the  hot  copper,  and  4  did  not  transmit  those  from 
the  platina. 

Thus  it  appears,  that  the  heat  proceeding  from  these 
four  sources  are  of  different  kinds :  this  difference  in  the 
nature  of  the  calorific  rays,  is  also  proved  hy  another 
experiment,  which  will  he  more  easily  understood,  from 
the  analogy  of  light.  Red  light,  emanating  from  red 
glass,  will  pass  in  ahundance  through  another  piece  of 
red  glass,  hut  it  will  he  ahsorhed  hy  green  glass  :  green 
rays  will  more  readily  pass  through  a  green  medium, 
than  through  one  of  any  other  colour.  This  holds  with 
regard  to  all  colours :  so  in  heat.  Rays  of  caloric,  of 
the  same  intensity,  which  have  passed  through  different 
substances,  are  transmitted  in  different  quantities  by 
the  same  piece  of  alum,  and  are  sometimes  stopped 
altogether  ;\  whence  it  is  evident,  that  rays  which 
emanate  from  different  substances  possess  different 
qualities.  It  appears  that  a  bright  fiame  furnishes 
rays  of  heat  of  all  kinds,  in  the  same  manner  as 
it  gives  light  of  all  colours;  and  as  coloured  media 
transmit  some  coloured  rays  and  absorb  the  rest,  so 
bodies  transmit  some  rays  of  caloric  and  exclude  the 
others.  Rock  salt  alone  resembles  colourless  transparent 
media  in  transmitting  aU  kinds  of  caloric,  even  the  heat 
of  the  hand,  just  as  they  transmit  white  light,  consisting 
of  rays  of  all  colours. 

The  colouring  matter  of  coloured  glasses  exercises  no 
peculiar  action  on  the  rays  of  heat,  with  the  exception 
of  black  and  green.  The  heat  which  has  already 
passed  through  a  green  or  an  opaque  black  glass,  will 
not  pass  through  alum,  whilst  that  which  has  been 
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transmitted  through  glasses  of  other  colours,  traverses 
it  readily. 

By  reversing  the  experiment^  and  exposing  different 
substances  to  caloric  that  had  already  passed  through 
alum^  M.  Melloni  founds  that  the  heat  emerging  from 
alum  is  almost  totally  intercepted  by  opaque  substances, 
and  is  abundantly  transmitted  by  aU  such  as  are  trans- 
parent and  colourless^  and  that  it  suffers  no  appreciable 
loss  when  the  thickness  of  the  plate  is  varied  within 
certain  limits.  The  properties  of  the  heat^  therefore^ 
which  issues  from  alum  nearly  approach  to  those  of 
light  and  solar  heat. 

Radiant  heat^  in  traversing  various  media,  is  not  only 
rendered  more  or  less  capable  of  being  transmitted  a 
second  time^  but^  according  to  the  experiments  of  Mr. 
Powell^  it  becomes  more  or  less  susceptible  of  being 
absorbed  in  different  quantities  by  black  and  white 
surfaces. 

M.  Melloni  has  proved^  that  solar  heat  contains  rays^ 
which  are  affected  by  different  substances^  in  the  same 
manner  as  if  the  heat  proceeded  from  a  terrestrial 
source:  whence  he  concludes  that  the  differences  ob- 
served between  the  transmission  of  terrestrial  and  solar 
heat^  arise  from  the  circumstance  of  solar  heat  contain- 
ing all  the  kinds  of  caloric^  whilst  in  other  sources 
some  of  the  kinds  are  wanting. 

Some  time  since^  M.  B^rard  pubHshed  an  account 
of  having  polarized  heat  by  reflection ;  but  his  experi- 
ments have  since  been  repeated  by  Mr.  Powell  and 
Mr.  Loyd  without  success,  though  Mr.  Powell  thought 
he  perceived  a  small  effect,  in  heat  from  a  luminous 
source.  M.  Melloni  has  proved  beyond  a  doubt,  that 
such  calorific  rays  as  are  capable  of  being  transmitted 

Digitized  by  VjOOQIC 


SUPPLEMENT.  425 

through  tourmaline^  are  not  polarized  hy  that  mineral, 
like  rays  of  light.  It  is  clear^  that  if  heat  could  he 
polarized  hy  the  method  explained  in  page  213,,  it 
would  he  entirely  excluded  when  the  axes  of  the  su- 
perposed slices  of  tourmaline  cross  each  other  at  right 
angles,  and  transmitted  when  they  are  parallel.  M. 
Melloni  found  that  the  same  quantity  of  heat  was  trans- 
mitted in  hoth  positions,  so  that  heat  does  not  appear  to 
be  capahle  of  polarization. 

The  property  of  transmitting  all  kinds  of  caloric, 
renders  lenses  and  prisms  of  rock  salt  as  valuable  for  ex- 
periments on  heat,  as  those  of  glass  are  for  optical  pur- 
poses. A  prism  of  rock  salt  has  afforded  M.  Melloni 
the  means,  not  only  of  proving  that  all  the  different 
kinds  of  caloric  are  susceptible  of  refraction,  but  that 
each  kind  has  a  refrangibility  peculiar  to  itself. 
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Note  1.  page  2.  Diameter.  A  straight  line  passing  through  the  centre, 
and  terminated  lx>th  ways  by  the  sides  or  surface  of  a  figure.  In  fig.  1.  q  Q, 
N  S,  are  diameters. 

Note  2.  p.  3.  Mathematical  and  mechafu'cal  sciences.  Mathematics 
teach  the  laws  of  number  and  quantity ;  mechanics  treat  of  the  equilibrium 
and  motion  of  bodies. 

Note  a  p.  S.  Analysis  is  a  series  of  reasoning  conducted  by  signs  or 
symbols  of  the  quantities  whose  relations  form  the  subject  of  enquiry. 

Note  4  p.'k  Ofctitolioiw  are  movements  to  and  fro,  like  the  swinging  of 
the  pendulum  of  a  clock,  or .  waves  in  water.  The  tides  are  oscillations  of 
the  sea. 

Note  5.  p.  4.  Gravitation.  Sensible  gravity  or  weight  It  is  the  force 
which  causes  substances  to  fall  to  the  surface  of  the  earth,  and  which 
retains  the  celestial  bodies  in  their  orbits.  Its  intensity  increases  as  the 
squares  of  the  distance  decrease. 

Note  6.  p.  5.  Particles  qf  matter  are  the  indefinitely  small  or  ultimate 
atoms  into  which  matter  is  believed  to  be  divisible.  Their  form  is  un. 
known ;  but  though  too  small  to  be  visible,  they  must  have  magnitude. 

Note  7.  p.  5.  A  hollow  sjihere.  A  hollow  ball,  like  a  bomb-shell.  A  sphere 
is  a  ball  or  solid  body,  such,  that  all  lines  drawn  flrom  its  centre  to  its  surface 
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are  equal.  They  are  called  radii,  and  every  line  pauing  through  the  centre 
and  terminated  both  ways  by  the  surface  is  a  diameter,  which  is  conse- 
quently equal  to  twice  the  radius.  In  fig.  3.  Q  g  or  N  S  is  a  diameter,  and 
C  Q,  C  N,  are  radii.  A  great  circle  of  the  sphere  has  the  same  centre 
with  the  sphere,  as  the  circles  QEqd  and  QHqS.  The  circle  A  B  is  a 
lesser  circle  of  the  sphere. 

Note  8.  p.  5.  Concentric  hoUovu  spheres.  Shells,  or  hollow  spheres,  having 
the  same  centre,  like  the  coats  of  an  onion. 

Note  9.  p.  5.  Spheroid.  A  solid  body,  which  sometimes  has  the  shape  of 
an  orang-,  as  in  fi^  1. ;  it  is  then  called  an  oblate  spheroid,  because  it  is 
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flattened  at  the  poles  Nand  S.  Such  is  the  form  of  the  earth  and  planets. 

When,  on  the  contrary,  it  is  drawn  out  at  Pig,  2. 

thepoles  like  an  egg,  as  in  fig.2.,iti8  called  {^j 

a  prolate  spheroid.    It  is  evident,  that  in 

both  these  solids  the  radii  C  g,  C  a,  C  N, 

&c.  are  generally  unequal ;  whereas  in 

the  sphere  they  are  all  equaL 

NoTElO.  p.  5.  Centre  of  gravity.  A 
point  in  every  body,  which  if  supported,  t£ 
the  body  will  remain  at  rest  in  whatever 
position  it  may  be  placed.  About  that 
point  all  the  parts  exactly  balance  one 
another. 
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Note  11.  pp.  6.  8.  Poles  and 
equator.  Let  fig.  1.  or  3.  represent 
the  earth,  C  its  centre,  N  C  S  the 
axis  of  rotation,  or  the  imaginary 
line  about  which  it  performs  its 
daily  revolution.  Then  N  and  S 
are  the  north  and  south  poles,  and 
the  great  circle  g  E  Q,  which  di- 
vides the  earth  into  two  equal  parts, 
is  the  equator.  The  earth  is  flat- 
tened at  the  poles,  fig  1.,  the  equa. 
torial  diameter  q  Q  exceeding  the 
polar  diameter  N  S  by  about  26^ 
miles.  Lesser  circles,  a  A  6  B, 
which  are  parallel  to  the  equator, 
are  circles  or  parallels  of  latitude, 
which  is  estimated  in  degrees,  minutes,  and  seconds,  north  and  south 
of  the  equator,  every  place  in  the  same  parallel  having  the  same  lati- 
tude. Greenwich  is  in  the  parallel  of  51°  28'  40".  Thus  terrestrial 
latitude  is  the  angular  distance  between  the  direction  of  a  plumb-line  at 
any  place  and  the  plane  of  the  equator.  Lines  such  as  N  Q  S,  N  G  E  S, 
fig.  3.,  are  called  meridians ;  all  the  places  in  any  one  of  these  lines  have 
noon  at  the  same  instant.  The  meridian  of  Greenwich  has  been  chosen  by 
the  British  as  the  origin  of  terrestrial  longitude,  which  is  estimated  in  de- 
grees, minutes,  and  seconds,  east  and  west  of  that  line.  If  N  G  E  S  be  the 
meridian  of  Greenwich,  the  position  of  any  place,  B,  is  determined,  when 
its  latitude,  Q  C  B,  and  its  longitude,  E  C  Q,  are  known. 

Norrs  1£.  p.  &  A  certain  mean  latitude.  The  attraction  of  a  sphere  on 
an  external  body  is  the  same  as  if  its  mass  were  collected  into  one  heavy 
particle  in  its  centre  of  gravity,  and  the  intensity  of  its  attraction  diminishes 
as  the  square  of  its  distance  fh)m  the  external  body  increases.  But  the  at- 
traction of  a  spheroid,  fig.  1.,  on  an  external  body  at  m  in  the  plane  of  its 
equator,  E  Q,  is  greater,  and  its  attraction  on  the  same  body  when  at  m*  in 
the  axis  N  S  less,  than  if  it  were  a  sphere.  Therefore,  in  both  cases,  the 
force  deviates  Arom  the  exact  law  of  gravity.  This  deviation  arises  from 
the  protuberant  matter  at  the  equator ;  and  as  it  diminishes  towards  the 
poles,  so  does  the  attractive  force  of  the  spheroid.  But  there  is  one  mean 
latitude,  where  the  attraction  of  a  spheroid  is  the  same  as  if  it  were  a  sphere. 
It  is  that  latitude  the  square  of  whose  sine  is  equal  to  §  of  the  equatorial 
radius. 

Note  13.  p.  6.  llfean  distance.  The  mean  distance  of  a  planet  from  the 
centre  of  the  sun,  or  of  a  satellite  from  the  centre  of  its  planet,  is  equal  to 
half  the  major  axis  of  its  orbit  For  example,  let  P  Q  A  D,  fig.  6.,  be  the 
orbit  or  path  of  the  moon  or  of  a  planet ;  then  P  A  is  the  major  axis. 
When  the  body  is  at  Q  or  D,  it  is  at  its  mean  distance  from  S,  for  S  Q,  S  D 
are  each  equal  to  C  F,  half  the  ro^or  axis. 

Note  14.  p.  6.  Mean,  radius  qfthe  earth.  The  distance  from  the  centre 
to  the  surface  of  the  earth,  regarded  as  a  sphere. . 
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Note  15.  p.  6.   Ratio.   The  relation  which  one  quantity  bears  to  another. 

Note  16.  p.  6L  Square  <tf  moon's  tUstance.  In  order  to  avoid  large 
numbers,  the  mean  radius  of  the  earth  is  taken  for  unity :  then  the  mean 
distance  of  the  moon  is  expressed  by  60;  and  the  square  of  that  number 
is  3600,  or  60  times  60. 

Note  17.  p.  6.  Centrifugal  force.  The  force  with  which  a  revolving 
body  tends  to  fly  Arom  the  centre  of  motion :  a  sling  tends  to  fly  from  the 
hand  in  consequence  of  the  centrifugal  force.  A  tangent  is  a  straight  line 
touching  a  curved  line  in  one  point  without  cutting  it,  as  m  T,  fig.  4.    The 

direction  of  the  centrifugal  force 
is  in  the  tangent  to  the  curved 
line  or  path  in  which  the  body  re- 
volves, and  its  intensity  increases 
with  the  angular  swing  of  the 
body,  and  with  its  distance  from 
the  centre  of  motion.  As  the  orbit 
of  the  moon  does  not  diflfer  much 
from  a  circle,  let  it  be  represent, 
ed  by  g  dmhy  fig.  4.,  the  earth 
being  in  C.  The  centrifugal  force 
arising  ttota.  the  velocity  of  the 
moon  in  her  orbit  balances  the 
attraction  of  the  earth.  By  their 
joint  action,  the  moon  moves 
through  the  arc  m  n  during  the 
time  that  she  would  fly  off  in  the 
tangent  »»  T  by  the  action  of  the  centrifugal  force  alone,  or  faU  through 
«»  p  by  the  earth's  attraction  alone.  T  n,  the  deflection;  firom  the  tangent, 
is  parallel  and  equal  tomp,  the  versed  sine  of  the  arc  m  n,  supposed  to  be 
moved  over  by  the  moon  in  a  second,  and  therefore  so  very  small  that  it 
may  be  regarded  as  a  straight  line.  T  n,  otm  p,  is  the  space  the  moon 
would  fall  through  in  the  first  second  of  her  descent  to  the  earth,  were  she 
not  retained  in  her  orbit  by  her  centrifugal  force. , 

Note  18.  p.  6.  Action  and  reaction.  When  motion  is  communicated  by 
collision  or  pressure,  the  action  of  the  body  which  strikes  is  returned  with 
equal  force  by  the  body  which  receives  the  blow.  The  pressure  of  a  hand 
on  a  table  is  resisted  with  an  equal  and  contrary  force.  This  necessarily 
follows  from  the  impenetrability  of  matter ;  a  proiierty  by  which  no  two  par. 
tides  of  matter  can  occupy  the  same  identical  ixirtion  of  space  at  the  same 
tima  When  motion  is  communicated  without  apparent  contact,  as  in  gra- 
vitation, attraction,  and  repulsion,  the  quantity  of  motion  gained  by  the 
one  body  is  exactly  equal  to  that  lost  by  the  other,  but  in  a  contrary  direc 
tion  J  a  circumstance  known  by  experience  only. 

Note  19.  p.  6.  Projected.  A  body  is  projected  when  it  is  thrown :  a  ball 
fired  f^om  a  gun  is  projected ;  it  is  therefore  called  a  projectile.  But  the 
word  has  abo  another  meaning.  A  line,  surface,  or  solid  body,  is  said  to 
be  projected  upon  a  plane,  when  paralld  straight  lines  are  drawn  fh>m  every 
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point  of  it  to  the  plane.  The  figure  so  traced  upon  the  plane  it  a  projection. 
The  projection  of  a  terrestrial  object  is  therefore  its  daylight  shadow,  since 
the  sun's  rays  are  sensibly  parallel. 

Note  20.  p.  6.  Spctce.  The  boundless  region  which  contains  all  crea. 
tion. 

Note  21.  pp.  6. 16.    Conic  sections.'  Lines  formed  by  any  plane  cutting  a 
cone.    A  cone  is  a  solid  figure,  lilce  a  sugar-loaf,  fig.  5.,  of  which  A  is 


the  apex,  A  D  the  axis,  and  the  plane  B  £  C  F  the  base.  The  axis  may  or 
may  not  be  perpendicular  to  the  base,  and  the  base  may  be  a  circle,  or 
any  other  curved  line.  When  the  axis  is  perpendicular  to  the  base,  the 
solid  is  a  right  cone.  If  a  right  cone  with  a  circular  base  be  cut  at  right 
angles  to  the  base  by  a  plane  passing  through  the  apex,  the  section  will  be 
a  triangle.  If  the  cone  be  cut  through  both  sides  by  a  plane  parallel  to 
the  base,  the  section  will  be  a  circle.  If  the  cone  be  cut  slanting  quite 
through  both  sides,  the  section  will  be  an  ellipse,  fig.  6.    If  the  cone  be 

Fig.  7.  Pig'  8. 


cut  parallel  to  one  of  the  sloping  sides,  as  A  B,  the  section  will  be  a  pa. 
rabola,  fig.  7.  And  if  the  plane  cut  only  one  side  of  the  cone,  and  be  not 
parallel  to  the  other,  the  section  will  be  a  hyperbola,  fig.  8.  Thus  there 
are  five  conic  sections. 
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Note  22.  p.  6.  Inverse  square  qf  distance.  The  attraction  of  one  body 
for  another  at  the  distance  of  two  miles,  is  four  times  less  than  at  the  dis- 
tance  of  one  mile ;  at  three  miles,  it  is  nine  times  less  than  at  one;  at  four 
miles  it  is  sixteen  times  leas,  and  so  on.  That  is,  the  gravitating  force  de. 
creases  in  intensity  as  the  squares  of  the  distance  increase. 

Note  23,  p.  7.  Ellipse.  One  of  the  conic  sections,  fig.  6.  An  ellipse  may  be 
drawn  by  fixing  the  ends  of  a  string  to  two  points,  S  and  F,  in  a  sheet  of 
paper,  and  then  carrying  the  point  of  a  pencil  round  in  the  loop  of  the 
string  kept  stretched,  the  length  of  the  string  being  greater  than  the  dis- 
tance between  the  two  points.  The  points  S  and  F  are  called  the  foci,  C 
the  centre,  S  C  or  C  F  the  excentricity,  A  F  the  major  axis,  Q  D  the  minor 
axis,  and  F  S  the  focal  distance.  It  is  evident,  that  the  less  the  excentricity 
CS,  the  nearer  does  the  ellipse  approach  to  a  circle;  and  from  the  construc- 
tion it  is  clear  that  the  length  of  the  string  S  m  F  is  equal  to  the  mqjor  axis 
FA.  If  T  /  be  a  tangent  to  the  ellipse  at  m,  then  the  angle  T  m  S  is  equal 
to  the  angle  ^m  F;  and  as  this  is  true  for  every  point  in  the  ellipse,  it  fol. 
lows,  that  in  an  elliptical  reflecting  surface,  rays  of  light  or  sound  coming 
from  one  focus  S  will  be  reflected  by  the  surface  to  the  other  focus  F,  since 
the  angle  of  incidence  is  equal  to  the  angle  of  reflection  by  the  theories  of 
light  and  sound. 

Note  24w  p.  7.  Periodic  time.  The  time  in  which  a  planet  or  comet 
performs  a  revolution  round  the  sun,  or  a  satellite  about  its  planet 

Note  25.  p.  7.    Kepler  discovered  three  laws  in  the  planetary  motions  by 
which  the  principle  of  gravitation  is  established :— 1st,  That  the  radii  vec- 
tores  of  the  planets  and  comets  describe  areas  proportional  to  the  time. 
p,g^  9,  Let  fig.  9l  be  the  orbit  of  a  planet,  then 

supposing  the  spaces  or  areas  F  Sp,  p  S  a, 
aSb,  &c.  equal  to  one  another,  the  ra. 
dius  vector  SP,  which  is  the  line  joining 
the  centres  of  the  sun  and  planet,  passes 
over  these  equal  spaces  in  equal  times, 
that  is,  if  the  line  S  P  passes  to  Sp  in  one 
day,  it  will  come  to  S a  in  two  days,  to 
Sb  in  three  days,  and  so  on.  2d,  That 
the  orbits  or  paths  of  the  planets  and 
comets  are  conic  sections,  having  the 
sun  in  one  of  their  foci.  The  orbits  of 
the  planets  and  satellites  are  curves  like  fig.  6L  or  9.  called  ellipses,  having  the 
sun  in  the  focus  S.  Three  comets  are  known  to  move  in  ellipses,  but  the 
greater  part  seem  to  move  in  parabolas,  fig.  7.,  having  the  sun  in  S ;  others 
appear  to  move  in  hyperbolas,  like  fig.  8.  The  third  law  is,  that  the  squares 
of  the  periodic  times  of  the  planets  are  proportional  to  the  cubes  of  their 
mean  distances  from  the  sun.  The  square  of  a  number  is  that  number 
multiplied  by  itself,  and  the  cube  of  a  number  is  that  number  twice  muL. 
tiplied  by  itoelf.  For  example,  the  squares  of  the  numbers  2, 3, 4,  &c  are 
4,  9, 16,  &c.  but  their  cubes  are  8,  27,  64,  &c.  Then  the  squares  of  the 
numbers  representing  the  periodic  times  of  two  planets,  are  to  one  another 
.as  the  cubes  of  the  numbers  representing  their  mean  distances  f^om  the 
sua    So  that  three  of  these  quantities  being  known,  the  other  may  be 
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found  by  the  rule  of  three.  The  mean  distances  are  measured  in  miles  or 
terrestrial  radii,  and  the  periodic  times  are  estimated  in  years,  days,  and 
parts  of  a  day.    Kepler's  laws  extend  to  the  satellites. 

Note  S6.  p.  7.  Mass.  The  quantity  of  matter  in  a  given  bulk.  It  is 
proportional  to  the  density  and  volume  or  bulk  conjointly. 

Note  S7.  p.  7.  Gravitation  proportional  to  mass.  But  for  the  resistance 
of  the  air,  all  bodies  would  fall  to  the  ground  in  equal  times.  In  fact,  a 
hundred  equal  particles  of  matter  at  equal  distances  from  the  surface  of 
the  earth  would  fall  to  the  ground  in  parallel  straight  lines  with  equal  ra- 
pidity, and  no  change  whatever  would  take  place  in  the  circumstances  of 
their  descent,  if  S9  of  them  were  united  in  one  solid  mass ;  for  the  solid 
mass  and  the  single  particle  would  touch  the  ground  at  the  same  instant, 
were  it  not  for  the  resistance  of  the  air. 

Note  S8.  p.  7.  Primary  signifies,  in  astronomy,  the  planet  about 
which  a  satellite  revolves,    llie  earth  is  primary  to  the  moon. 

Note  29.  p.  8.    Rotation.    Motion  round  an  axis,  real  or  inuiginary.      t 

Note  SO.  p.  9.  Compression  qf  a  spheroid.  The  flattening  at  the  poles. 
It  is  equal  to  the  difference  between  the  greatest  and  least  diameters,  di- 
vided by  the  greatest ;  these  quantities  being  expressed  in  some  standard 
measure,  as  miles. 

Note  31.  p.  9.  Satellites.  '  Small  bodies  revolving  about  some  of  the 
planets.    The  moon  is  a  satellite  to  the  earth. 

Note  32.  p.  9.  Nutation.  A  nodding  motion  in  the  earth's  axis  while  in 
rotation,  similar  to  that  observed  in  the  spinning  of  a  top.  It  is  produced 
by  the  attraction  of  the  sun  and  moon  on  the  protuberant  matter  at  the 
terrestrial  equator. 

Note  33.  p.  9.  Axis  qf  rotation.  The  line,  real  or  imaginary,  about 
^hich  a  body  revolves.  The  axis  of  the  earth's  rotation  is  that  diameter, 
or  imaginary  line,  passing  through  the  centre  and  both  poles.  Fig.  1.  being 
the  earth,  N  S  is  the  axis  of  rotation. 

Note  34.  p.  9.  Nutation  qf  lunar  orbit.  The  action  of  the  bulging 
matter  at  the  earth's  equator  on  the  moon  occasions  a  variation  in  the  in- 
clination of  the  lunar  orbit  to  the  plane  of  the  ecliptic.  Suppose  the  plane 
Npn,  fig.  13.,  to  be  the  orbit  of  the  moon,  and  N m n  tlie  plane  of  the 
ecliptic,  the  earth's  action  on  the  moon  causes  the  angle  />  N  m  to  become 
less  or  greater  than  its  mean  state.  The  nutation  in  the  lunar  orbit  is  the 
reaction  of  the  nutation  in  the  earth's  axis. 

Note  S5.  p.  9.    Translated.    Carried  forward  in  space. 

Note  36.  p.  10.    Force  proportional  to  velocity.    Since  a  force  is  men. 

sured  by  its  effect,  the  motions  of  the  bodies  of  the  solar  system  among 
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thenuelvet  would  be  the  tame  whether  the  lystem  be  at  rest  or  not. 
The  real  motion  of  a  person  walking  the  deck  of  a  ship  at  sea  is  com. 
pounded  of  his  own  motion  and  that  of  the  ship,  yet  each  takes  place  in 
dependently  of  the  other.  We  walk  about  as  if  the  earth  were  at  rest, 
though  it  has  the  double  motion  of  rotation  on  its  axis  and  revolution 
round  the  sun. 

NoTB  S7.  p.  11.  Tangent.  A  straight  line  which  touches  a  curred 
line  in  one  point  without  cutting  it  In  fig.  4.,  m  T  is  tangent  to  the  curve 
in  the  point  «n.  In  a  circle  the  tangent  is  at  right  angles  to  the  radius. 
Cm. 

KoTB  881  p.  11.  Motion  in  an  ellipttcal  orbit,  A  planet  m,  fig.  &,  moTes 
round  the  sun  at  S  in  an  ellipse  F  D  A  Q,  in  consequence  of  two  forces, 
one  urging  it  in  the  direction  of  the  tangent  m  T,  and  another  pulling  it 
towards  the  sun  in  the  direction  m  S.  Its  velocity,  which  is  greatest  at  P, 
decreases  throughout  the  arc  P  D  A  to  A,  where  it  is  least,  and  increases 
continually  as  it  moves  along  the  arc  A  Q  P  till  it  comes  to  P  again.  The 
whole  force  producing  the  elliptical  motion  varies  inversely  as  the  square 
of  the  distance.    See  note  22. 

Note  39.  p.  11.  Radii  vectotes.  Imaginary  lines  joining  the  centre  of 
the  sun  and  the  centre  of  a  planet  or  comet,  or  the  centres  of  a  planet  and 
its  satellite.  In  the  circle,  the  radii  are  all  equal ;  but  in  an  ellipse,  fig.  a, 
the  radius  vector  S  A  is  greater,  and  S  P  less  than  all  the  others.  The 
radii  vectores  S  Q,  S  D,  are  equal  to  C  A  or  C  P,  half  the  major  axis  P  A, 
and  consequently  equal  to  the  mean  distance.  A  planet  is  at  its  mean 
distance  Arom  the  sun  when  in  the  points  Q  and  D. 


Note  40.  p.  11.    Equal  areas  in  equal  timet.    See  Kepler's  Ist  law  in 
note  25.  p.  7. 

Note  41.  p.  12.    M*^  axis.    The  line  P  A,  fig.  6.  or  10. 

Note  4«.  p.  12.  ^  the  planet 
described  a  circle,  Sfc.  The 
motion  of  a  planet  about  the 
sun,  in  a  circle  A  B  P,  fig.  10., 
whose  radius  C  A  is  equal  to 
the  planet's  mean  distance 
flrom  him,  would  be  equable* 
that  is,  its  velocity,  or  speed, 
would  always  be  the  same. 
Whereas,  if  it  moved  in  the 
ellipse  A  Q  P,  its  speed  would 
becont\nuallyvarying,bynote 
38.;  but  its  motion  is  such, 
that  the  time  elapsing  be. 
tween  its  departure  from  P, 
and  its  return  to  that  point 
again,  would  be  the  same,  whether  it  moved  in  the  circle  or  in  the 
eUipse ;  for  these  curves  coincide  in  the  points  P  and  A. 
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Note  43.  p.  12.  True  motion.  The. motion  of  a  body  in  its  real  orbit, 
PDAQ,  fig.lO. 

Note  44.  p.  12.  Mean  motion.  Equable'motion  in  a  circle  F  £  A  B,  fig.  10., 
at  the  mean  distence  C  P  or  Cm,  in  the  time  that  the  body  would  accompliiih 
a  revolution  in  its  elliptical  orbit  PDAQ. 


Note  45.  p.  12.  The  equinox. 
Pig.  11.  represents  the  celes- 
tial sphere,  and  C  its  centre 
where  the  earth  is  supposed 
to  be.  q^QzCizis  the  equi- 
noctial or  great  circle,  traced 
in  the  starry  heavens  by  an 
imaginary  extension  of  the 
plane  of  the  terrestrial  equa- 
tor, and  E  HP  e  :Q:  ig  the  eclip- 
tic, or  apparent  path  of  the 
•un  round  the  earth.  ^  :£b, 
the  intersection  of  these  two 
planes,  is  the  line  of  the  equi. 
noxes;  nr  is  the  vernal  equi- 
nox, and  iO:  the  autumnal 
.When  the  sua  is  in  these* 
points;  the  days  and  nights 


Fig.  11. 
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are  equal.  They  are  distant  from  one  another  by  a  semicircle,  or  two 
right  angles.  The  points  E  and  e  are  the  solstices,  where  the  sun  is  at  his 
greatest  distance  from  the  equinoctiaL  The  equinoctial  is  every  where 
ninety  degrees  distant  from  ito  poles  N  and  S,  which  are  two  points  diame- 
trically  opposite  to  one  another,  where  the  axis  of  the  earth's  rotation,  if 
prolonged,  would  meet  the  heavens.  The  northern  celestial  pole  N  is 
within  l'^  2V  of  the  pole  star.  As  the  latitude  of  any  place  on  the  surface 
of  the  earth,  is  equal  to  the  height  of  the  pole  above  the  horizon,  it  is  easily 
determined  by  observation.  The  ecliptic  E  HP  « :£i=  is  also  every  where 
ninety  degrees  distant  from  its  poles  P  and  p.  The  angle  F  C  N,  between 
the  poles  P  and  N  of  the  equinoctial  and  ecliptic,  is  equal  to  the  angle 
e  C  Q,  called  the  obliquity  of  the  ecliptic. 

Note  46.  p.  12.  Longitude.  The  vernal  equinox,  nr»  fig>  ll->  i<  the  zero 
point  in  the  heavens  whence  celestial  longitudes,  or  the  angular  motions  of 
the  celestial  bodies,  are  estimated  from  west  to  east,  the  direction  in  which 
they  all  revolve.  The  vernal  equinox  is  generally  called  the  first  point  of 
Aries,  though  these  two  points  have  not  coincided  since  the  early  ages  of 
astronomy,  about  2233  years  ago,  on  account  of  a  motion  in  the  equinoctial 
points,  to  be  explained  hereafter.  If  S  ^Y',  fig.  10.,  be  the  line  of  the  equi. 
noxes,  and  ^Y'  the  vernal  equinox,  the  true  longitude  of  a  planet  p  is  the 
angle  HP  S  p,  and  its  mean  longitude  is  the  angle  ^Y^  C  m,  the  sun  being  in  & 
Celestial  longitude  is  the  angular  distance  of  a  heavenly  body  from  the 
vernal  equinox ;  whereas  terrestrial  longitude  is  the  angular  distance  of  a 
place  on  the  surface  of  the  earth  from  a  meridian  arbitrarily  chosen,  as 
that  of  Greenwich. 
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Note  47.  p.  19.  Equation  qf  the  centre.  The  difference  between  op  Cm 
and  HP  S  P,  fig.  10. ;  that  is,  the  difference  between  the  true  and  mean 
longitudes  of  a  planet  or  satellite.  The  true  and  mean  places  only  coincide 
in  the  points  P  and  A  ;  in  every  other  point  of  the  orbit,  the  true  place  is 
either  before  or  behind  the  mean  place.  In  moving  trom  A  through  the 
arc  A  Q  P,  the  true  place  p  is  behind  the  mean  place  m;  and  through 
the  arc  PDA  the  true  place  is  before  the  mean  place  At  its  maximum, 
the  equation  of  the  centre  measures  C  S,  the  excentricity  of  the  orbit,  since 
it  is  the  difference  between  the  motion  of  a  body  in  an  ellipse  and  in  a 
circle  whose  diameter  A  P  is  the  major  axis  of  the  ellipse. 

Note  48.  p.  12.  Apsides.  The  points  P  and  A,  fig.  10.,  at  the  ex- 
tremities of  the  major  axis  of  an  orbit  P,  is  commonly  called  the  perihe- 
lion, a  Greek  term  signifying  round  the  sun  ;  and  the  point  A  is  called  the 
aphelion,  a  Greek  term  sigitfying  at  a  distance  firom  the  sun. 

Note  49.  p.  12.  Ninety  degrees.  A  circle  is  divided  into  360  equal  parts,  or 
degrees;  each  degree  into  60  equal  parts,  called  minutes  ;  and  each  minute 
into  60  equal  parts,  called  seconds.  It  is  usual  to  write  these  quantities 
thus,  150  1&  10",  which  means  fifteen  degrees,  sixteen  minutes,  and  ten 
seconds.  It  is  clear  that  an  arc  m  n,  fig.  4.,  measures  the  angle  m  Cm 
hence  we  may  say  an  arc  of  so  many  degrees,  or  an  angle  of  so  many  de- 
grees ;  for  if  there  be  ten  degrees  in  the  angle  mCn,  there  will  be  ten  de- 
grees in  the  arc  m  n.  It  is  evident  that  there  are  90*^  in  a  right  angle, 
m  C^,  or  quadrant,  since  it  is 'the  fourth  part  of  360<>. 


Note  50.  p.  12.  Quadratures.  A  celestial  body  is  said  to  be  in  quadra- 
ture, when  it  is  90  degrees  distant  from  the  sun.  For  example,  in  fig.  14. 
if  d  be  the  sun,  S  the  earth,  and  p  the  moon,  then  the  moon  is  said  to  be  in 
quadrature  when  she  is  in  either  of  the  points  Q  or  D,  because  the  angles 
Q  S<2  and  DSdt  which  measure  her  apparent  distance  from  the  sun,  are 
right  angles. 

Note  51.  p.  12.  Excentricity.  Deviation  fi-om  circular  form.  In  fig.  6, 
C  S  is  the  excentricity  of  the  orbit,  P  Q  A  D.  The  less  C  S,  the  more 
nearly  does  the  orbit  or  ellipse  approach  the  circular  form  j  and  when  C  S 
is  zero,  the  ellipse  becomes  a  circle. 


Fig.  12. 


Note  52.  p.  13.  Inclina- 
tion qf  an  orbit.  Let  S, 
fig.  12.,  be  the  centre  of  the 
sun,  P  N  A  »,  the  orbit  of 
a  planet  moving  from  west 
to  east  in  the  direction 
NjB.  LetENm^nbethe  ijT 
shadow  or  projection  of  the 
orbit  on  the  plane  of  the 
ecliptic,  then  N  S  n  is  the 
intersection  of  these  two 
planes,  for  the  orbit  rises 

above  the  plane  of  the  ecliptic  towards  Njt?,  and  sinks  ^below  it  at  N  P. 
The  angle />  Nm,  which  tl\ese  two  planes  make  with  one  another,  is  the 
inclination  of  the  orbit  P  Np  A  to  the  plane  of  the  ecliptic. 
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Note  53.  p.  13.  Latitude  qf  a  planet.  The  angle  jdS  m,  fig.  12.»  or  the 
height  of  the  planet  p  above  the  ecliptic  £  N  m.  In  this  case  the  latitude 
is  north.  Thus,  celestial  latitude  is  the  angular  distance  of  a  celestial  body 
from  the  plane  of  the  ecliptic,  whereas  terrestrial  latitude  is  the  angular 
distance  of  a  place  on  the  surface  of  the  earth  from  the  equator. 

NffTfi  54.  |3.  la  Kod^x.  The  two  iwinta  N  and  n,  RgA'^^  in  whlcli  the 
orbit  N  A  ff  P  of  B  planet  or  comet  int(?rsei;tfi  the  iilciiitJ  of  the  tH-liptlc 
4-  ?f  E  Mh  Thti  [urt  N  A  n  of  tb«?  orbit  lies.  aboTc  the  ii\u.ne  oT  tlic^  eclrpltc, 
and  the  p^tt  n  V  X^  below  it.  The  nsceniUiijJi  twAe  N  ik  Uw  point  t^roiij^ 
whiL^h  the  b(x3y  p^Riii^a  in  risinj^  nbove  the  jjlaiie  at  tlie  eciipCi^p  ^nil  the 
deacciidiriK  rioile  pi  \&  the  point  in  which  the  btHly  nknk*  IkIow  It.  Thv 
tiOilfM  of  M  satellite 'b  orbit  are  the  polnLi  Jo  which  it  inUrtccti  the  pUne  of 
the  orbit  ortheplantt. 

N  crfK  55.  Pr  T3.  DiitaTtce/ram  the  mn.  H  pin  fig.  19,  If  np  be  the  ver- 
iml  I'l^utEinKi'lhcn  'Y'^p  i*  the  lunpturie  of  the  plitnet  p,  m  Sp  ii  its  latitude, 
and  S  p  i Ei  J ) El»n de  f ruin  tb tr  jcu ti .  W h ett  thene thref;  ijUAntltia  art  fcnowni 
the  pl&ee  of  th?  planet  p  hi  n^AQS  \t  determined, 

XoT K  5(?,  pp  13i  75,  Etfjtieni*  of  an  orbit.  Of  theie  there  are  tereiu 
Tjpt  P  X  A  n^  fig,  13,,  tie  the  elliptical  orbit  of  a  planet,  C  iti  centre,  S  the 
flun  in  one  of  the  foci,  ^"Y^  the  lirat  point  of  Aries,  and  J?  Ke  n  thp  plane  of 
thef-'fliptie,.  Tha  elements  ;ire,  tbs  itiAJor  uxtit  A  F  ;  tht;  eKcentrjejty  C  ^  ; 
tilt  pcrifidic  time,  that  inj  the  timeofii  fotnvjlyft!!  rtvoJntion  of  the  body  in 
it4  orbit  ^  and  the  ftJiirtb  H  the  loHgitutle  orthq  tiody  at  any  ifivpn  iHftaEit  t 
for  example,  ihat  at  wbleh  it  pfts*e*ttiri3nj?h  the  perihelion,  or  P  the  point 
of  its  orbit  neflrenl  to  l lie  ma .  Tha t iuststn t ,i a  Sisauined  a»  th e  origin  of  ti me, 
whence  bJI  proff^ding  and!  succeeding  pcriodji  are  estimated.  The^e  four 
quantifiers  re  tu^cient  to  determine  the  form  of  the  orbit,  and  the  motion 
nf  the  boiiy  In  it.  Three  othiir  ei^nients  are  requisite  for  determining  tlie 
position  of  the  orbit  in  space,  These  are,  the  angk  TP  S  P,  the  longitude 
of  the  pC'Tihehon  ;  the  angle  A  X  f,  which  is  the  inelinatiun  of  the  orbit 
to  the  plane  nf  the  eeUptic  j  and  Uttly,  the  angle  ^  S  N,  the  Longitude  of 
N  tije  oaeendlnff  node, 

NoTiJ  57.  [I- 14^  tVAiisr  f^finex,  ^e.  The  planer  of  the  orbits,  jiJ(  P  N  A  n, 
Og^  ]i^,^  in  which  tlrie  planett  move,  are  inelLTieJ,  or  make  iTnnll  anj^Iet 
£*  N  A  with  tlic  pknc  of  the  eeiipl-ic  E  Ne?  n,  and  dut  it  in  ttr^lght  lifret, 
N  S  n,  pajsing  thruugb  S  the  {;t;ntre  uf  tiie  JiUiu 

Note  BS.  p.  15.  Mattjenlum.  Force  trt**fliUTinl  by  the  weight  of  h  biKly 
and  its  ffieetJ^  or  sitDple  veloeily,  conjoin tiy.  The  priiultive  momentum  fjf 
the  planetK  11;^  therefore,  the  iiujitUlt^  of  motion  wbieh  waa  iinpre»i«{l  upon 
them  when  they  were  tirtt  throw ti  into  e^mm, 

NOTF,  fiA.  p,  Ix  Uitstabti!  equiii&rmfH.  A  bod?  is  said  to  be  in  equlli- 
briuiii,  wheri  it  is  eo  balanced  as  tti  remain  at  rest.  But  there  are  two 
kin^lji  of  Mi^utElbriufn,  ntntfti;  and  unxtuMe^  If  a  body  balanced  in  stable 
equilibrium  be  sMgbtly  fiisturbcdf  it  will  endeavour  to  rettim  to  rent  by  a 
number  cf  movmneats  to  find  fro,  which  wiil  continually  decrease  till  Uiey 
cea^e  itltcigetber,  andthtii  the  body  will  be  restored  to  Its  origiiml  rtatecf 
repfute;  But  if  tiie  uquiiibrium  be  unttable,  theise  movements  to  and  (Vo,  or 
oflcUktttonSj  IV  ill  become  greater  and  greater  till  the  i^ullibrium  i«  iJeiiioyed. 
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Note  60.  p.  18.    Retr(^ade.    Going  backwards,  as  from  east  to  west, 
contrary  to  the  motion  of  the  planets. 

Note  61.  p.  19.    ParaUel  dtrectunu.    Such  as  never  meet,  though  pro^ 
longed  ever  so  far. 

Fig.  13. 
Note  62.  pp.  19.  21.  J%e  whole  force,  ^c. 
Let  S,  fig.  13.»  be  the  sun,  N  m  n  the  plane 
of  the  ecliptic,  p  the  disturbed  planet  mov- 
ing in  its  orbit  np  N,  and  d  the  disturbing 
planet  Now,  d  attracts  the  sun  and  the 
planet  p  with  different  intensities  in  the 
directions  d  S,  dp:  the  difference  only 
of  these  forces  disturbs  the  motion  of  /> ; 
it  is  therefore  called  the  disturbing  force- 
But  this  whole  disturbing  force  may  be 
regarded  as  equivalent  to  three  forces,  act. 
ing  in  the  directions  p  S,  p  T,  and  ptn.  The 
force  acting  in  the  radius  vector  p  S,  join- 
ing  the  centres  of  the  sun  and  planet,  is 
called  the  radial  force.  It  sometimes  draws 
the  disturbed  planet  p  from  the  sun,  and 
sometimes  brings  it  nearer  to  him.  The 
force  which  acts  in  the  direction  of  the 
tangent  />  T  is  called  the  tangential  force. 
It  disturbs  the  motion  of  p  in  longitude, 
that  is,  it  accelerates  its  motion  in  some 

parts  of  its  orbit  and  retards  it  in  others,  so  that  the  radius  vector  Sp  does 
not  move  over  equal  areas  in  equal  times.  (See  Note  25.)  For  example  in 
the  position  of  the  bodies  in  fig.  14.  it  is  p^  j^ 

evident  that,  in  consequence  of  the  at- 
traction of  rf,  the  planet  p  will  have  its  — Q-^ 

motion  accelerated  from  Q  to  C,  retarded 

from  C  to  D,  again  accelerated  from  D 

to  O,  and  lastly  retarded  from  O  to  Q. 

The  disturbing  body  is  here  supposed  to 

be  at  rest,  and  the  orbit  circular ;  but  as 

both  bodies  are  perpetually  moving  with 

different  velocities  in  ellipses,  the  per. 

turbations  or  changes  in  the  motions  of 

p  are  very  numerous.    Lastly,  that  part 

of  the  disturbing  force  which  acts  in  the 

direction  of  a  line  p  m,  fig.  IS.,  at  right 

angles  to  the  plane  of  the  orbit  N/>n, 

may  be  called  the  perpendicular  force. 

It   sometimes  causes   the  body  to   ap- 
proach nearer,  and  sometimes  to  recede 

farther  from,  the  plane  of  the  ecliptic 

N  »i »,  than  it  would  otherwise  do.    The 

action  of  the  disturbing  forces  is  admir- 
ably explained  in  a  work  on  gravitation 

by  Professor  Airy  of  Cambridge. 
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Note  63.  pp.  21.  89.  Perihelion.  Fig.  10.,  P,  the  point  of  an  orbit,  nearest 
to  the  sun. 

Note  64.  p.  21.    Aphelion.    Pig.  m,  A,  the  point  of  an  orbit,  farthest 
ft'om  the  sun.      * 

Note  65.  pp.  21, 22, 2a    In  fig.  15.  the  central  force  is  greater  than  the 

exact  law  of  gravity;  therefore  the  curvature  P  jb  « is  greater  than  P  p  A 

the  real  ellipse ;  hence  the  planet  p  comes  to  the  point  a,  called  the  aphelion, 

sooner  than  if  it  moved  in  the  orbit  F  j»  A,  which  makes  the  line  P  S  A  ad- 

Fig.  15.  Fig'  1& 


vance  to  a .  In  fig.  16.,  on  the  contrary, the  curvature  P pa  is  less  than  in 
the  true  ellipse,  so  that  the  planet  p  must  move  through  more  than  the  arc 
P  /)  A,  or  180°,  before  it  comes  to  the  apheUon  a,  which  causes  the  greater 
axis  P  S  A  to  recede  to  a. 

Note  66.  pp.  22,23.    Motion  qf  ap.  Fig.VJ. 

sides.  Let  P  S  A,  fig.  17.,  be  the  po- 
sition of  the  elliptical  orbit  of  a  planet 
at  any  time;  then,  by  the  action  of  the 
disturbing  forces,  it  successively  takes 
the  positions  P'  S  A'.  P"  S  A",  &c.  till 
by  this  direct  motion  it  has  accom- 
plished a  revolution,  and  then  it  begins 
again,  so  that  the  motion  is  perpetual 

Note  67.  p.  22.  Siderial  revolution. 
The  consecutive  return  of  an  object  to 
the  same  star. 

Note  68.  p.  22.    Tropical  revolution.    The  consecutive  return  of  an 
object  to  the  same  tropic  or  equinox. 


Note  69.  p.  23.  The  orbit  only  bulges, 
S^e.  In  fig.  18.  the  effects  of  the  varia- 
tion in  the  excentricity  is  shown,  where 
P  p  A  is  the  elliptical  orbit  at  any  given 
instant ;  after  a  time  it  will  take  the 
formPp'  A,  in  consequence  of  the  de- 
crease  in  the  excentricity  C  S;  then  the  p 
forms  Pp"  A,  Pp"' A,  &c.  Consecu. 
tively  from  the  same  cause,  and  as  the 
major  axis  P  A  always  retains  the  same 
length,  the  orbit  approaches  more  and 
more  nearly  to  the  circular  form.  But 
F  P    4 
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after  this  has  gone  on  for  some  thousands  of  years,  the  orbit  contracto 
again,  and  becomes  more  and  more  elliptical. 

Note  70.  pp.  S3.  95.  The  ecUpHe  is  the  apparent  path  of  the  sun  in  the 
heavens.    See  Note  45.  « 

Note  71.  p.  S3.  This  force  tends  to  pvlly  Sfc.  The  force  In  question,  act- 
ing in  the  direction  pm^  fig.  13.,  pulls  the  planet  ;>  towards  the  plane  N  tn  «i, 
or  pushes  it  farther  above  it,  giving  the  planet  a  tendency  to  move  in  an 
orbit  above  or  below  its  undisturbed  orbit  N  p  n,  which  alters  the  angle 
p  N  m,  and  makes  the  node  N  and  the  line  of  nodes  K  n  change  their  pc 
sitiona. 

Note  72.  p.  24.  Motion  qf  the  nodes.  Let  S,  fig.  19.,  be  the  sun ;  S  K  n 
the  plane  of  the  ecliptic ;  F  the  disturbing  body ;  and  p  a  planet  moving  in  its 

•    Fig.  19. 


orbit  p  »,  of  which  p  n  is  so  small  a  part  that  it  is  represented  as  a  straight 
line.  The  plane  S  n/7  of  this  ort)it  cuts  the  plane  of  the  ecliptic  in  the 
straight  line  S  n.  Suppose  the  disturbing  force  begins  to  act  on  p  so  as  to 
draw  the  planet  into  the  arc  p  ;/ ;  then,  instead  of  moving  in  the  orbit  p  n, 
it  will  tend  to  move  in  the  orbit  p  pf  n',  whose  plane  cuts  the  ecliptic  in  the 
straight  line  S  n'.  If  the  disturbing  force  acts  again  upon  the  body  when  at 
p',  so  as  to  draw  it  into  the  arc  p'  p\  the  planet  will  now  tend  to  move  in 
the  orbit  p' j/'  n",  whose  plane  cuts  the  ecliptic  in  the  straight  line  S  «". 
The  action  of  the  disturbing  force  on  the  planet,  when  at  //',  will  bring  the 
node  to  n'",  and  so  on.  In  this  manner  the  node  goes  backwards  through 
the  successive  points  n,  n',  n'',  n"'t  &c.,  and  the  line  of  nodes  S  n  has  a  per. 
petual  retrograde  motion  about  S  the  centre  of  the  sun.  The  disturbing 
force  has  been  represented  as  acting  at  intervals,  for  the  sake  of  illustration : 
in  nature  it  is  continuous,  so  that  the  motion  of  the  node  is  continuous  also; 
though  it  is  sometimes  rapid  and  sometimes  slow,  now  retrograde  and  now 
direct;  but,  on  the  whole,  the  motion  is  slowly  retrograde. 

Note  73.  p.  24.  When  the  disturbing  planet  is  any  where  in  the  line  S  N, 
fig.  19.,  or  in  its  prolongation,  it  is  in  the  same  plane  with  the  disturbed 


y  Google 


NOTES.  441 

planet ;  and  however  much  it  may  affect  its  motions  in  that  plane,  it  can 
have  no  tendency  to  draw  it  out  of  it.  But  when  the  disturbing  planet  is  in 
P,  at  right  angles  to  the  line  SN,  and  not  in  the  plane  of  the  orbit,  it  has  a 
powerful  e£fect  on  the  motion  of  the  nodes ;  between  these  two  positions 
there  is  a  great  variety  of  action. 

Note  74.  p.  25.  The  changes  in  the  inclination  are  extremely  minute 
when  compared  with  the  motion  of  the  node,  as  evidently  appears  from 
fig.  19.,  where  the  angles  n  p  n',  n'ff  n''^  &c.  are  much  smaller  than  the  cor. 
responding  angles  n  S  n\  n"  S  n'%  &c. 

Note  75.  p.  £7.  Sines  and  cosines.  Figure  4.  is  a  circle ;  n  p  is  the  sine, 
and  C  p  is  the  cosine,  of  an  arc  m  n.  Suppose  the  radius  C  m  to  begin  to  re. 
volve  at  m,  in  the  direction  mna;  then  at  the  point  m,  the  sign  is  zero, 
and  the  cosine  is  equal  to  the  radius  C  m.  As  the  line  C  m  revolves  and 
takes  the  successive  positions  C  n,  C  a,  C  6,  &c.  the  sines  nptaqybr^  &c.  of 
the  arcs  mn^  ma,  mby  &c.  increase,  while  the  corresponding  cosines  C  p, 
C  9,  C  r,  &c.  decrease,  and  when  the  revolving  radius  takes  the  position  C  d 
at  right  angles  to  the  diameter^  m  the  sine  becomes  equal  to  the  radius 
C  dy  and  th  e  cosine  is  zero.  After  passing  th  e  point  d,  the  contrary  happens ; 
for  the  sines  e'  Ar,  /  »,  &c.  diminish,  and  the  cosines  C  A:,  C  w,  &c.  go  on  in- 
creasing till  at  g  the  sine  is  zero,  and  the  cosine  is  equal  to  the  radius  C  g. 
The  same  alternation  takes  place  through  the  remaining  parts  ghyhm,  of 
the  circle,  so  that  a  sine  or  cosine  never  can  exceed  the  radius.  As  the 
rotation  of  the  earth  is  invariable,  each  point  of  its  surface  passes  through 
a  complete  circle,  or  360  degrees,  in  twenty-four  hours,  at  the  rate  of  15 
degrees  in  an  hour.  Time,  therefore, becomes  a  measure t>f  angular  motion, 
and,  vice  versa,  the  arcs  of  a  circle  a  measure  of  time,  since  these  two  quan. 
titles  vary  simultaneously  and  equably,  and  as  the  sines  and  cosines  of  the 
arcs  are  expressed  in  terms  of  the  time,  they  vary  with  it  Therefore,  how- 
ever long  the  time  may  be,  and  how  often  soever  the  radius  may  revolve 
round  the  circle,  the  sines  and  cosines  never  can  exceed  the  radius ;  and  a« 
the  radius  is  assumed  to  be  equal  to  unity,  their  values  oscillate  between 
unity  and  zero. 

Note  76.  p.  S7.  Resisting  medium.  A  fluid  which  resists  the  motions 
of  bodies,  such  as  atmospheric  air,  or  the  highly  elastic  fluid  called  ether, 
with  which  it  is  presumed  that  space  is  filled. 

Note  77.  p.  28.  Obliquity  of  the  ecliptic.  The  angle  e  T  Q,  fig- 11-,  be- 
tween the  plane  of  the  terrestrial  equator,  qopQ*  and  the  plane  of  the 
ecliptic,  E<Y^e.    The  obliquity  is  variable. 

Note  78.  p.  29.  Invariable  plane.  In  the  earth  the  equator  is  the  inva- 
riable plane  which  nearly  maintains  a  parallel  position  with  regard  to  itself 
while  revolving  about  the  sun,  as  in  fig.  20.,  where  E  Q  represents  it  The 
two  hemispheres  balance  one  another  on  each  side  of  this  plane,  and  would 
still  do  so  if  all  the  particles  of  which  they  consist  were  movable  among 
themselves,  provided  the  earth  were  not  disturbed  by  the  action  of  the  sun 
and  moon,  which  alters  the  parallelism  of  the  equator  by  the  small  variation 
called  nutation,  to  be  explained  hereafter. 
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NoTK  79.  p.  30.    If  each  particle,  &c.    Let  P,  P',  F',  Ac,  fig.  21.,  be  pla- 
neti  moving  in  their  orbits  about  tlie  centre  of  gravity  of  the  system.    Let 

Fig.  21. 


P  S  M,  P'  S  M',  &C.  be  portions  of  these  orbits  moved  over  by  the  radii  vec- 
tores,  S  P,  S  P,  &c.  in  a  given  time,  and  let  p  S  m,  //  S  m',  &c.  be  their 
shadows  or  projections  on  the  invariable  plane.  Then,  if  the  numbers 
which  represent  the  masses  of  the  planets,  P,  P%  &c.  be  respectively  multi- 
plied  by  the  numbers  representing  the  areas  or  spaces  p  S  m,  p'  S  m',  &c. 
the  sum  of  the  whole  will  be  greater  for  the  invariable  plane  than  it  would 
be  for  any  plane  that  could  pass  through  S,  the  centre  of  gravity  of  the 
system. 

Note  80.  p.  30.  The  centre  of  gravity  of  the  solar  system  lies  within  the 
body  of  the  sun,  because  his  mass  is  much  greater  than  the  masses  of  aU  the 
planets  and  satellites  added  together. 

NofB  81.  pp.  33.  46.  Conjunction.  A  planet  is  said  to  be  in  conjunction 
when  it  has  the  same  longitude  with  the  sun.   In  fig.  14.,  let  tf  be  the  eartb. 
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and  S  the  sun,  then  a  planet  in  C  would  be  in  conjunction ;  at  O  it  would  be 
in  opposition. 

Note  82.  p.  82.  The  periodic  inequalities  are  computed  for  a  given  time, 
and  consequently  for  a  given  form  and  position  of  the  orbits,  of  the  dis- 
turbed and  disturbing  bodies.  Although  the  elements  of  the  orbits  vary  ao 
slowly  that  no  sensible  effect  is  produced  on  inequalities  of  a  short  period; 
yet,  in  the  course  of  time,  the  secular  variations  of  the  elements  change  the 
forms  and  relative  positions  of  the  orbits  so  much,  that  Jupiter  and  Saturn 
which  would  have  come  to  the  same  relative  positions  with  regard  to  the 
sun  and  to  one  another,  after  850  years,  do  not  arrive  at  the  same  relative 
positions  till  after  918  years. 

NoTB  8a  pk  33.  Cor^guration.  The  relative  position  of  the  planets  with 
regard  to  one  another,  to  the  sun,  and  to  the  plane  of  the  ecliptic. 

Note  84.  p.  35.  In  the  same  manner  that  the  excentricity  of  an  ellip- 
tical orbit  may  be  increased  or  diminished  by  the  action  of  the  disturbing 
forces,  so  a  circular  orbit  may  acquire  less  or  more  elliptidty  flrom  the 
same  cause.  It  is  thus  that  the  forms  of  the  orbits  of  the  first  and  second 
satellites  of  Jupiter  oscillate  between  circles  and  ellipses  differing  very 
UtUe  Arom  circles. 

Note  85.  p.  35.  T^e  plane  qf  Jupt'ter*s  equator  is  the  imaginary  plane 
passing  through  his  centre  at  right  angles  to  his  axis  of  rotation ;  and  oor. 
responds  to  the  plane  9  E  Q  e,  in  fig.  1.  The  satellites  move  very  nearly 
in  the  plane  of  Jupiter's  equator,  for  if  J  be  Jupiter,  fig.  22.,  Pp  his  axis  of 

Fig.  22. 


rotation,  e  Q  his  equatorial  diameter,  which  is  6000  miles  longer  than  Pp, 
and  if  J  O  and  J  £  be  the  planes  of  his  orbit  and  equator  seen  edgewise, 
then  the  orbits  of  his  four  satellites  seen  edgewise  will  have  the  positions 
J  1,  J  2,  J  3,  J  4.  These  are  extremely  near  to  one  anoUier,  for  th« 
angle  £  J  O  is  only  99  5^  30". 

Note  86.  p.  35.  In  consequence  of  the  satellites  moving  so  nearly  in  the 
plane  of  Jupiter's  equator,  when  seen  from  the  earth,  they  appear  to  be 
always  very  nearly  in  a  straight  line,  however  much  they  may  change  their 
positions  with  regard  to  one  another  and  to  their  primary.  For  example, 
on  the  evenings  of  the  3d,  4th,  5th,  and  6th  of  January,  1835,  the  sateliitcfi 
will  have  the  configurations  given  in  fig.  S3,  where  O  is  Jupiter,  and  1. 
2w  a  4.  are  the  first,  second,  third,  and  fourth  satellites.    The  satellite  is 
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supposed  to  be  moving  in  a  direction  from  the  figure  towards  the  point.   On 
the  sixth  evening  the  second  satellite  will  be  seen  on  the  disc  of  the  planet. 

Note  87.  p.  36.  Angular  motion  or  velocity  is  the  swiftness  with  which 
a  body  revoWes^a  sling,  for  example ;  or  the  speed  with  which  a  point  on 
the  surface  of  the  earth  performs  its  daily  rotation  about  its  axis. 

Note  88.  p.  37.  Displacement  <^  Jupiter's  orbit.  The  action  of  the 
planets  occasions  secular  variations  in  the  position  of  Jupiter's  oibit,  J  O, 
fig.  23.,  without  aflfteting  the  plane  of  his  equator  J  E.  Again,  the  sun  and 
satellites  themselves,  by  attracting  the  protuberant  matter  at  his  equator, 
change  the  position  of  the  plane  J  £  without  affecting  J  O.  Both  of  these 
cause  perturbations  in  the  motions  of  the  satellites.    » 

Note  89.  p.  37.  Precession,  with  regard  to  Jupiter,  is  a  retrograde 
motion  of  the  point  where  the  lines  J  O,  J  £,  intersect,  fig.  22. . 

Note  90.  p.  38.  Synodic  motion  qf  a  satellite.  Its  motion  during  the 
interval  between  two  of  its  consecutive  eclipses. 

Note  91.  p.  38.  Opposition.  A  body  is  said  to  be  in  opposition  when  its 
longitude  differs  from  that  of  the  sun  by  180°.  If  S^  fig-ili,  be  the  sun. 


and  £  the  earth,  then  Jupiter  is  in  opposition  when  at  O,  and  in  con. 
junction  when  at  C.  In  these  positions  the  three  bodies  are  in  the  same 
straight  line. 
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Note  92.  p.  38.  Eclipses  qf  the 
satellites.  Let  S,  fig.  25.,  be  the  sun, 
J  Jupiter,  and  a  B  6  his  shadow. 
Let  the  earth  be  moving  in  its  or- 
bit, in  the  direction  EARTH, 
and  the  third  satellite  in  the  di- 
rection  abmn.  When  the  earth 
is  at  £,  the  satellite,  in  moving 
through  the  arc  a  d,  will  vanish 
at  a,  and  re-appear  at  b,  on  the 
same  side  of  Jupiter.  If  the  eirth 
be  in  R,  Jupiter  will  be  in  opposi. 
tion,  and  then  the  satellite,  in  mov- 
ing through  the  arc  a  ft,  will  vanish 
close  to  the  disc  of  the  planet,  and 
will  reappear  on  the  other  side  of 
it.  But  if  the  satellite  be  moving 
through  the  arc  m  n,  it  will  appear 
to  pass  over  the  disc  and  eclipse  the 
planet 


Note  93.  pp.  39, 54.  Meridian.  A  terrestrial  meridian  is  a  line  passing 
round  the  earth  and  through  both  poles.  In  every  part  of  it  noon 
happens  at  the  same  instant  In  figures  1  and  3,  the  lines  N  Q  S  and 
N  G  S  are  meridians,  C  being  the  centre  of  the  earth,  and  N  S  its  axis 
of  rotation.  The  meridian  passing  through  the  Observatory  at  Green- 
wich is  assumed  by  the  British  as  a  fixed  origin,  from  whence  terres- 
trial longitudes  are  measured.  And  as  each  point  on  the  surface  of  the 
earth  passes  through  360*>,  or  a  complete  circle,  in  twenty-four  hours, 
at  the  rate  of  15°  in  an  hour,  time  becomes  a  representative  of  angular 
motion.  Hence,  if  the  eclipse  of  a  satellite  happens  at  any  place  at 
eight  o'clock  in  the  evening,  and  the  Nautical  Almanac  shows  that 
the  same  phenomenon  will  take  place  at  Greenwich  at  nine,  the  place  of 
observation  will  be  in  15°  of  west  longituda. 

Note  94.  p.  39.  Conjunction.  Let  S  be  the  sun,  fig.  24.,  E  the  earth, 
and  J  O  J'  C  the  orbit  of  Jupiter.  Then-  the  eclipses  which  happen 
when  Jupiter  is  in  O,  are  seen  16m  26  ■  sooner  than  those  which  take  place 
when  the  planet  is  in  C.  Jupiter  is  in  conjunction  when  at  C  and  in  opiMX- 
ition  when  in  O. 


y  Google 


446 


NOTES. 


Note  95l  p.  40.    In  the  diagonal,  &c.  were  the  Fig.  26 

line  A  S,  fig.  £&,  100,000  times  longer  than  A  B, 
Jupiter's  true  place  would  be  in  the  direction  AS', 
the  diagonal  of  the  figure  A  B  S'  S,  which  is,  of 
course,  out  of  proportion. 

Note  96.  p.  40.  Aberration  qf  light  Theoeles. 
tial  bodies  are  so  distant,  that  the  rays  of  light 
coming  f^om  them  may  be  reckoned  parallel. 
Therefore,  let  S  A,  S'  B,  fig.  86.,  be  two  rays  of 
light  coming  from  the  sun,  or  a  planet,  to  the  earth 
moving  in  its  orbit  in  the  direction  A  B.  If  a 
telescope  be  held  in  the  direction  A  S,  the  ray  S  A, 
instead  of  going  down  the  tube,  will  impinge  on 

its  side,  and  be  lost  in  consequence  of  the  telescope    ~ .^ 

being  carried  with  the  earth  in  the  direction  A  B.  ^    A 

But  if  the  tube  be  held  in  the  position  A  E,  so  that 

A  B  is  to  A  S,  as  the  velocity  of  the  earth  to  the  velocity  of  light,  the  ray 
will  pass  through  S'  A.  The  star  appears  to  be  in  the  direction  A  S/, 
when  it  really  is  in  the  direction  A  S,  hence  the  angle  S  A  S'  is  the  angle 
.  aberration. 

Note  97.  p.  41.  DentUy  proportional  to  elastia'iy.  The  more  a  fluid, 
such  as  atmospheric  air,  is  reduced  in  dimensions  by  pressure,  the  more  it 
resists  the  pressure. 

Note  98.  p.  41.  OscUlationt  qf  pendulum  retarded.  If  a  clock  be  car- 
ried from  the  pole  to  the  equator  its  rate  will  be  gradually  diminished, 
that  is,  it  will  go  slower  and  slower,  because  the  centrifugal  force  which 
increases  from  the  pole  to  the  equator  diminishes  the  force  of  gravity. 

Note  99.  p.  44.  Disturbing  action.  The  disturbing  force  acts  here  in 
the  very  same  manner  as  in  note  62,  only  that  the  distiurbing  body  d, 
fig.  14.,  is  the  sun,  S  the  earth,  and  p  the  moon. 

Note  100.  pp.  45. 47. 105.  Perigee.  A  Greek  word,  signifying  round  the 
earth.  The  perigee  of  the  lunar  orUt  is  the  point  P,  fig.  6.,  where  the  moon 
is  nearest  to  the  earth.  It  corresponds  to  the  perihelion  of  a  planet  Some- 
times  the  word  is  used  to  denote  the  point  where  the  sun  is  nearest  to  the 
earth. 

Note  101.  p.  45.  Evection.  The  evection  is  produced  t^  the  action  of  the 
radial  force  in  the  direction  S  p,  fig.  14.,  which  sometimes  increases  and 
sometimes  diminishes  the  earth's  attraction  to  the  moon.  It  produces  a 
corresponding  temporary  change  on  the  excentricity,  which  varies  with  the 
position  of  the  major  axis  of  the  lunar  orbit  in  respect  of  the  line  S  d,  join, 
ang  the  centres  of  the  earth  and  sun. 

Note  102.  p.  45.  Variation.  The  lunar  perturbation  called  the  variation 
is  the  alternate  acceleration  and  retardation  of  the  moon  in  longitude,  from 
the  action  of  the  tangential  force.    She  is  accelerated  in  going  from  qua- 
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dratures  in  Q  and  D,  fig.  14.,  to  the  points  C  and  O,  cai      syzygies,  and  it 
retarded  in  going  from  the  syzygies  C  and  O  to  Q  and  D  again. 

Note  103.  p.  4&  Square  qftime.  If  the  times  increase  at  the  rate  of  1, 
2,  S,  4,  &c.  years,  or  hundreds  of  years,  the  squares  of  the  times  will  be  1, 4« 
9, 16,  &C.  years,  or  hundreds  of  years. 

Note  104^  p.  48.  Mean  anomaly.  The  mean  anomaly  of  a  planet  is  its 
angular  distance  flrom  the  perihelion,  supposing  it  to  move  in  a  circle.  The 
true  anomaly  is  its  angular  distance  fh>m  the  perihelion  in  its  elliptical  or. 
bit  For  example,  in  fig.  10.,  the  mean  anomaly  is  P  C  m,  and  the  true  ano- 
maly is  PS/i. 

Nors  105.  pp.  49.  81.  Many  circuntferences.  There  are  360  degrees, 
or  1,296,000  seconds,  in  a  circumference ;  and  as  the  acceleration  of  the 
moon  only  increases  at  the  rate  of  11''  in  a  century,  it  must  be  a  prodigious 
number  of  ages  before  it  accumulates  to  many  circumferences. 

Note  106.  p.  50.  Phases  qfthe  moon.  The  periodical  changes  in  the  en- 
lightened part  of  her  disc  Arom  a  crescent  to  a  circle,  depending  upon  her 
position  with  regard  to  the  sun  and  earth. 

Note  107.  p.  50.  Lunar  ecUpse.  Let  S,  fig.  87.,  be  the  sun,  E  the  earth, 
and  m  the  moon.    The  space  a  A  fr^is  a  section  of  the  shadow,  which 

J'«.27. 


has  the  form  of  a  cone  or  sugar-loaf,  and  the  spaces  A  a  c,  Abd,  are  the 
penumbra.  The  axis  of  the  cone  passes  through  A  and  through  £  and  S, 
the  centres  of  the  sun  and  earth ;  and  nmn'  is  the  path  of  the  moon 
through  the  shadow. 

Note  108.  p.  50.    Apparent  diameter.    The  diameter  of  a  celestial  body, 
as  seen  tram  the  earth. 

Note  109.  p.  51.    Penumbra.    The  shadow,  or  imperfiect  darkness,  which 
precedes  and  follows  an  eclipse. 

Note  110.  p.  51.  Synodic  revolution  of  the  moon.    The  time  between  two 
consecutive  new  or  full  moons. 

Note  111.  p.  51.    Horixontal  reaction.    The  light,  in  coming  from  a 
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celestial  object,  is  bent  into  a  curve  as  soon  as  It  enters  our  atmoei^ere;  and 
that  bending  is  greatest  when  the  object  is  in  the  horixon. 

Note  112.  p.  52.    Solar  eclipse.    Let  S,  fig.  2a,  be  the  sun,  m  the  moon, 
and  E  the  earth.    Then  a  £  6  is  the  mooa*s  shadow,  which  sometimes 

Fig.S8. 


eclipses  a  small  portion  of  the  earth's  surface  at  e,  and  sometimes  falls  short 
of  it  To  a  person  at  r,  in  the  centre  of  the  shadow,  the  eclipse  may  be 
total  or  annular.  To  a  person  not  in  the  centre  of  the  shadow  a  part  of  the 
sun  will  be  eclipsed ;  and  to  one  at  the  edge  of  the  shadow  there  will  be  no 
eclipse  at  all    The  spaces  P  6  E,  F  a  E  are  the  penumbra. 


NoTB  113.  p.  54.  Prom  the  extremities^  8fc.  If  the 
length  of  the  line  a  b,  fig.  29.,  be  measured,  in  feet 
or  &thoms,  the  angles  S  6  a,  S  a  6,  can  be  measured, 
and  then  the  angle  a  S  ft  is  known,  whence  the  length 
of  the  line  S  C  may  be  computed,  a  S  6  is  the  parallax 
of  the  object  S,  and  it  is  clear  that  the  greater  the 
distance  of  S,  the  less  the  base  a'b  will  appear,  because 
the  angle  a  S'  6  is  less  than  a  S  &  ' 


Note  114.  p.  56.  Every  particle  tutll  describe  a  circle,  S[c,  If  N  S,  fig.  31, 
be  the  axis  about  which  the  body  revolves,  then  particles  at  B,  Q,  &c.  wiU 
whirl  in  the  circles  B  O  A  a,  Q  E  9  D,  whose  centres  are  in  the  axis  N  S, 
and  their  planes  parallel  to  one  another.  They  are,  in  £u:t,  parallds  of 
latitude,  Q  E  9  D  being  the  equator. 

Note  115.  p.56w     The  farce  qf  gravUg,  Sfc.    OraTity»  «t  the  equator 
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acts  in  the  directton  Q  C,  fig.  90L    WhereM  the  direction*  of  the  cen- 
Fig.30. 


trifiigal  force  is  exactly  contrary,  being  in  the  direction  C  Q  ;  hence 
the  difference  of  the  two  is  the  force  called  gravitation,  which  makes 
bodies  fidl  to  the  surface  of  the  earth.  At  any  point,  m,  not  at  the 
equator,  the  direction  of  gravity  iamb,  perpendicular  to  the  surfisce, 
but  the  centrifugal  force  acts  perpendicularly  to  N  S,  the  axis  of  rotation. 
Now  the  effbct  of  the  centrifugal  force  is  the  same  as  if  it  were  two  forces, 
one  of  which,  acting  in  the  direction  b  m,  diminishes  the  force  of  gravity, 
and  another  which,  acting  in  the  direction  m  /,  tangent  to  the  surface  at  m, 
urges  the  particles  towards  Q,  and  tends  to  sweU  out  the  earth  at  the  equator. 

NoTB  116.  p.  57.  Homogeneous  mass.  A  quantity  of  matter,  every  where 
ofthe  same  density. 

Nots  117.  p.  5a  EUipioid  qf  revohOkm.  A  solid  formed  by  the  revo. 
lubon  of  an  ellipse  about  its  axis.  If  the  ellipse  revolve  about  its  minor 
axis  Q  D,  fig.  6.,  the  ellipsoid  will  be  obUUe,  or  flattened,  at  the  poles,  like 
an  orange.  If  the  revolution  be  about  the  greater  axis  A  P,  the  ellipsoid 
will  be  prolate,  like  an  egg. 

NoTB  118.  p.  58.  Concentric  eHipU'eal  ttraia.  Strata,  or  layers,  having 
an  elliptical  form  and  the  same  centre. 

Note  119.  p.  58.  On  the  wkole,  SfC.  The  line  N  Q  S  9,  fig.  1.,  represents 
the  ellipse  in  question,  its  major  axis  being  Q  q,  its  minor  N  a 

Note  120.  p.  59.  Increase  in  the  lengA  of  ike  radM,  4v.  Hie  radii  gnu 
dually  increase  from  the  polar  radius  C  N,  fig.  SO.,  which  is  least,  to  the 
equatorial  radius  C  Q,  which  is  greatest  There  is  also  an  increase  in  the 
lengths  of  the  arcs  corresponding  to  the  same  number  of  degrees  fhmi  the 
^[uator  to  the  poles ;  for  the  angle  N  C  r  bemg  equal  ioqCd^the  elliptical 
arc  N  r  is  greater  than  q  d. 
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Note  121.  p.  59.  Cotine  df  latitude.  The  angles  m  C  a,  m  C  d,  fig,  4^ 
being  the  latitudes  of  the  points  a,  6,  &c  the  cosines  are  C  9,  C  r,  &c. 

Note  122.  p.  GO.  An  arc  qf  the  meridian.  Let  N  Q  S  9,  fig.  SO.,  be  the 
meridian,  and  m  n  the  arc  to  be  measured.  Then  if  Zf  m,  Z  n,\)e  verticals, 
or  lines  perpendicular  to  the  surface  of  the  earth,  at  the  extremities  of  the 
arc  m  n,  they  will  meet  in  p.  Qan,Qbm,  are  the  latitudes  <rf  the  pcMUts 
tn  and  n,  and  their  difference  is  the  angle  mpn.  Since  the  latitudes  are 
equal  to  the  height  of  the  pole  of  the  equinoctial  above  the  horizon  of  the 
{daces  m  and  n,  the  angle  mpn  may  be  found  by  observaticm.  When  the 
distance  m  » is  measured  in  feet  or  fathoms,  and  divided  by  the  number  of 
degrees  and  parts  of  a  degree  contuned  in  the  angle  m  pn,  the  length  of  an 
arc  of  one  degree  is  obtained. 

Note  123.  p.  6a    A  series  of  triangles.    Let  M  M^  fig.  31.,  be  the  m^ri. 

Fig.  31. 


dian  of  any  place.  A  lin^  A  B,  is  measured  with  rods,  on  level  ground,  o. 
any  number  of  fathoms,  C  being  some  point  seen  from  both  ends  of  it  As 
two  of  the  angles  of  the  triangle  ABC  can  be  measured,  the  Imgths  oi  the 
sides  A  C,  B  C,  can  be  computed,  and  if  the  angle  m  A  B,  which  the  base 
A  B  makes  with  the  meridian  be  measured,  the  Imgth  of  the  sides  B  m, 
A  m,  may  be  obtained  by  computation,  so  that  A  «n,  a  small  part  of  the  meri. 
dian,  is  determined.  Again,  if  D  be  a  point  visible  Arom  the  extremities  of 
the  known  line  B  C,  two  of  the  angles  of  the  triangle  BCD  may  be  measured, 
and  the  length  of  the  sides  C  D,  B  D,  computed.  Then  if  the  angle  "Bmnif 
be  measured,  all  the  angles  and  the  side  B  m  of  the  triangle  Bmmf  are 
known,  whence  the  length  of  the  line  m  tri  may  be  computed,  so  that  the 
portion  A  m'  of  the  meridian  is  determined,  and  in  the  same  manner  it 
may  be  prolonged  indefinitely . 

Note  124.  pp.  61.  63.  The  square  qf  the  sine  qf  the  latitude.  Qbm, 
fig.  30.,  being  the  latitude  of  m,  e  m  is  the  sine  and  b  e  the  cosine.  Then 
the  number  expressing  the  length  of  em,  multiplied  by  its^,  is  the  square 
of  the  sine  of  the  latitude ;  and  the  number  expressing  the  length  <i  be, 
multiplied  by  itself,  is  thf  square  of  the  cosine  of  the  latitude. 

Note  125.  p.  64.  A  pendulum  is  that  part  of  a  clock  which  swings  to 
and  fro. 
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Note  12&  p.  67.  Parallax.  The  angle  aSb,  flg.  29.,  under  which  w« 
view  an  object  a  6 :  it  therefore  diminishes  as  the  distance  increases.  The 
parallax  of  a  celestial  object  is  the  angle  which  the  radius  of  the  earth 
would  be  seen  imder,  if  viewed  from  that  object    Let  £,  flg.  SSL,  be  the 


Fig.  92. 


centre  of  the  earth,  E  H,  its  radius,  and  m  H  O,  the  horizon  of  an  olv*' 
server  at  H.  Then,  H  m  E  is  the  parallax  of  a  body  m,  the  moon  for 
example.  In  measure,  as  m  rises  higher  and  higher  in  the  heavens,  to  the 
points  mf,  m",  &c.  the  parallax  H  m'  E,  H  m"  £,  &&  decreases.  At  Z,  the 
zenith,  or  point  immediately  above  the  head  of  the  observer,  it  is  zero,  and 
at  m,  where  the  body  is  in  the  horizon,  the  angle  H  m  E  is  the  greatest  pos. 
siUe,  and  is  called  the  horizontal  parallax.  It  is  clear  that,  with  regard  to 
celestial  bodies,  the  whole  eflfect  of  parallax  is  in  the  vertical  or  in  the 
direction  m  mf  Z,  and  as  a  person  at  H  sees  m'  in  the  direction  H  m'  A,  when 
it  really  is  in  the  direction  E  tn'B,  it  makes  celestial  objects  appear  to  be 
lower  Uian  they  really  are.  The  distance  of  the  moon  Arom  the  earth  hat 
been  determined  from  her  horizontal  parallax,  llie  angle  Em  H  can  be 
measured.  E  Hm  is  a  right  angle,  and  £  H,  the  radius  of  the  earth,  it 
known  in  miles,  whence  the  distance  of  the  moon  Ei»  is  easily  found. 
Annual  parallax  is  the  angle  under  which  the  diameter  of  the  earth's  orbit 
would  be  seen,  if  viewed  from  a  star. 

Note  1S7.  p.  68L  The  radii  n  B,>i  O,  ^c.  fig.  a,  are  equal  in  any  one  wu 
rallel  of  latitude,  A  a  B  G,  therefore  a  change  in  the  parallax  observed  ia 
that  parallel  can  only  arise  from  a  change  in  the  moon's  distance  from  the 
earth ;  and  when  the  moon  is  at  her  mean  distance,  which  is  a  constant 
quantity  equal  to  half  the  major  axis  of  her  orbit,  a  change  in  the  parallax 
observed  in  diflferent  latitudes,  G  and  £,  must  arise  from  the  difl^nce  in 
the  lengths  of  the  radii »  G  and  C  £. 

Note  128.  p.  68.  When  Venus  is  in  her  nodes.  She  must  be  in  the  line 
N  S  »,  where  her  orbit  P  N  A  n  cuts  the  plane  of  the  ecliptic  £  Ne »,  flg. 
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NoteISSL  p.68.    The Ume  described,  *&    LetE,  fig.33.,  be  the  earth 
Ftg.SS, 


S  the  centre  of  the  lun,  and  Y  the  planet  Venui.  The  real  transit  of  the 
planet,  seen  firom  E  the  centre  of  the  earth,  would  be  in  the  directkm 
A  B.  A  person  at  W  would  see  it  pass  over  the  sun  in  the  line  v  a,  and 
a  person  at  O  would  see  it  move  across  him  in  the  direction  i/af. 

NoTB  130.  p.  61.  Kepler*8  second  law.  Suppose  it  were  required  to 
find  the  distance  of  Jupiter  fh>m  the  sun.  The  periodic  Umes  of  Jupiter 
and  Venus  are  given  bf  observation,  and  the  mean  distance  of  Venus  ftom 
the  centre  of  the  sun  is  known  in  miles  or  terrestrial  radii ;  therefore,  by 
the  rule  of  three,  the  square  root  of  the  periodic  time  of  Venus  is  to  the 
square  root  of  the  periodic  time  of  Jupiter,  as  the  cube  root  of  the  mean 
distance  of  Venus  from  the  sun  to  the  culie  root  of  the  mean  distance  of  ^ 
Jupiter  ftvm  the  sun,  wliich  is  thus  obtained  in  miles  or  terrestrial  radii. 
The  root  of  a  number  is  that  number  which,  once  multiplied  by  itaetf» 
gives  its  square ;  twice  multiplied  by  itself,  gives  its  cube,  &c.  For  example^ 
twice  S  are  4,  and  twice  4  are  8  :  S  is  therefore  the  square  root  of  4,  andtiM 
euberootofS,  In  the  same  manner  3  times  3  are  9,  and  3  times  9  are  S7 ; 
3  is  therefore  the  square  root  of    and  the  cube  root  of  S7. 

Nora  131.  p.  7L  Innrerselp,  ^.  The  quantities  of  matter  in  any  two 
primary  planets,  are  greater  in  proportion  as  the  cubes  of  the  numben 
lepresenting  the  mean  distances  of  their  satellites  are  greater,  and  also  in 
l^roportion  as  the  squares  of  their  periodic  times  are  less. 

NoTB  138.  p.  75L  The  sum  of  the  greatest  and  least  distances,  S  P,  S  A, 
fig.  12.,  is  equal  to  P  A,  themajor  axis ;  and  their  diflf^raiee  is  equal  to  twice 
the  excentricity  C  S.  The  longitude  nf>  S  P  of  the  planet,  when  in  thepoint  P, 
at  its  least  distance  from  the  sun,  is  the  longitude  of  the  perlhdion.  The 
greatest  height  of  the  planet  above  the  plane  of  the  ecliptic  ENeis,  ia 
•qua]  to  the  inclination  of  the  ort>it  P  N  A  f»  to  that  plane.  The  longjtade 
of  the  plahet,  when  in  the  plane  of  the  ecliptic,  can  only  be  the  longitude 
of  one  of  the  points  N  or  »;  and  when  one  of  these  points  is  known,  the 
other  is  given,  being  180o  dirtant  from  it  Lastly,  the  time  included  be. 
tween  two  consecutive  pasrages  of  the  planet,  through  the  same  node  Nor 
n,  is  its  periodic  time,  allowance  being  made  f<Hr  the  recess  of  the  node  in 
the  interval. 

Nora  133.  p.  7&    Suppose  that  it. were  required  to  find  the  positioD  of  • 
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point  in  space,  as  of  a  planet,  and  that  one  observation  places  it  in  n. 

flg.34*.,  another  observation  places  it  in  «',  Fig.  34. 

another  in  n",  and  so  on ;  all  the  points  ^^ 

n,  nf,  n'\  «"',  &c.,  Ixjing  very  near  to  one 

another.    The  true  place  of  the  planet 

P  will  not   diflfer  much  irom  any  of 

these  positions.  It  is  evident,  Arom  this 

view  of  Ihe  subject,  that  P  «,  P  n',  P  it", 

&c.  axe  the  errors  of  observation.    The 

true  posilion  of  the  planet  P  is  found 

by  this  propeity,  that  the  bquarcs  of  the 

numbers  representing  the  lines  Pn,  Pn% 

&C.,  when  added  together,  is  the  least  possible.    Each  line  Pn,  P  n',  ftc . 

being  the  whole  error  in  the  place  of  the  plunet,  is  made  up  of  the  errors 

of  all  the  elements,  and  when  compared  with  the  errors  obtained  firom 

theory,  it  affords  the  means  of  finding  each.    The  principle  of  least  squares 

is  of  very  general  application  ;  its  demonstration  cannot  find  a  place  here» 

but  the  reader  is  refoned  to  Blot's  Astronomy,  vol.  ii.  p.  203. 

Notb134.  p.  78.  Annxkthaty^c.  Fig.  SO.  represents  the  earth  revolving 
in  its  orbit  about  the  sun  in  S,  the  axis  of  rotation,  Pp  :being  every  where 
parallel  to  iteel£ 

Note  1S5.  p.  78.  Angular  velocities  t/tat  are  tensibly  un^ortih,  The 
earth  and  planets  revolve  about  their  axes,  with  an  equable  motion,  which 
is  never  either  faster  or  slower.  For  example,  the  length  <tf  the  day  is 
never  more  nor  less  than  twenty-four  hours. 

Note  1S6.  p.  80.  Some  astronomers  affirm  that  there  are  several  divisions 
in  the  ring ;  a  statement  that  requires  confirmation. 

NoiB  157.  p.  82.  If  fig.  L  be  the  moon,  her  polar  diameter  N  S  is  the 
shortest ;  and  of  those  in  the  plane  of  the  equator,  Q'Eq,  that  whieh  points 
to  the  earth  is  greater  than  all  the  others. 

Note  138.  p.  88.  Inversely  proportional,  Sfc  That  is,  the  total  amount  of 
solar  radiation  becomes  less  as  the  minor  axis  C  C,  fig.  20.,  of  the  earth's 
orbit  l>ecome8  greater. 


Note  139.  p.  90.  Fig.  S5.  represents 
'the  position  of  the  apparent  orbit  of  the 
sun  as  it  is  at  present,  the  earth  being  in 
£.  The  sun  is  nearer  to  the  earth  in 
moving  through  :J^  P  HP*  than  in  moving 
through  HP  A  tO:,  but  its  motion  through 
£hVX*  is  {more  rapid  than  its  motion 
through  ^  AdQ:)  and  as  the  swiftness 
of  the  motion  and  the  quantity  of  heat 
received,  vary  in  the  same  proportion,  a 
compensation  takes  place. 
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Note  140.  p^  92.  In  an  eWpsoid  of  revohOion,  fig.  1.,  the  polar  diameter 
N  S»  and  every  diameter  in  the  equator,  9  E  Q  e  are  permanent  axea  of 
rotation,  but  the  rotation  would  be  unstable  about  any  other.  Were  the 
earth  to  b^in  to  rotate  about  C  a,  the  angular  distance  ftom  a  to  the  equa. 
tor  at  f,  would  no  longer  be  ninety  degrees,  which  would  be  immediately 
detected  by  the  change  it  would  occasion  in  the  latitudes. 

Note  141.  pp.  65.  97.  Let  q^Q,  md  E^e,  fig.  11,  be  the  planes  of 
the  equator  and  ecliptic.  The  angle  e<T>Q*  which  separates  them,  called 
the  obliquity  of  the  ecliptic,  varies  in  consequence  of  the  action  of  the 
ran  and  moon  upon  the  protuberant  matter  at  the  earth's  equator.  Iliat 
action  brings  the  point  Q  towards  e,  and  tends  to  make  the  plane  q^Q 
coincide  with  the  ecliptic  E<Y^«,  which  causes  the  equinoctial  points,  <Y^ 
and  d<^  to  move  slowly  backwards  on  the  plane  e  HP  E  at  the  rate  of 
50"*41  annually.  This  part  of  the  motion,  which  depends  upon  the  form  of 
the  earth,  is  called  lunisolar  precession.  Another  part,  totally  independent 
of  the  form  of  the  earth,  arises  from  the  mutual  action  of  the  earth,  planets, 
and  sun,  which,  altering  the  position  of  the  plane  of  the  ecliptic  e  <Y>'E*, 
causes  the  equinoctial  points  HP  and  :^  to  advance  at  the  rate  of  (/"SI  ao- 
Bually;  but  as  this  motion  is  much  less  than  the  former,  the  equinoctial 
points  recede  on  the  plane  of  the  ecliptic  at  the  rate  of  SO^'l  annually. 
This  motion  is  called  the  precession  of  the  equinoxes. 


Fig.  36. 


NoTB  142.  pp.  79.  99.  Let 
^TQ,  «TE.  fig.  36..  be  the 
planes  of  the  equinoctial  or 
celestial  equator  and  ecliptic, 
and  p,  P,  their  poles.  Then  sup. 
pose  p,  the  pole  of  the  equator* 
to  revolve  with  a  tremulous  or 
wavy  motion  in  the  little  ellipse 
pcdbin  about  19  years,  while 
the  point  a  is  carried  round  in 
the  circle  a  A  B  in  25,868  years, 
both  motions  being  very  small. 
The  tremulous  motion  may  r^. 
present  the  half-yearly  varia. 
tion,  the  motion  in  the  ellipse 
gives  an  idea  of  the  nutation  dis- 
covered  by  Bradley,  and  the  mo. 
tion  in  the  circle  a  AB  arises 
from  the  precession  of  the 
equinoxes.  The  greater  axis  pi{  of  the  small  ellipse  is  18"-5,  its  minor 
axis  i  c  is  18"-74.  These  motions  are  so  small,  that  they  have  very  little 
eflbct  on  the  parallelism  of  the  axu  of  the  earth's  rotation  during  its  revolu- 
tion round  the  sun,  as  represented  in  fig.  2a  As  the  stars  are  fixed,  this 
real  motion  in  the  pole  of  the  earth  must  cause  an  ^>parent  change  in  their 


Note  14S.  p.  102.  £«/  N  oe  the  pole,  flg.ll.  e  E  the:  ecliptic,  and  Q  j 
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the  equator.    Then  N  n  m  S  being  a  meridian,  and  at  right  angles  to  the 
equator^  the  arc  HP  m  is  less  than  the  arc  HP  *>• 

Note  lU.  p.  101  Heliacal  rising  qf  Siriu3.  Vfhen  the  star  appears  in 
the  morning,  in  the  hOTizcm,  a  little  before  the  rising  of  the  sun. 

NoTB  145.  p.  106.  Let  PT  A  =As,  fig.  35.,  be  the  apparent  orbit  or  path 
of  the  sun,  the  earth  being  in  £.  Its  major  axis,  A  P,  is  at  present  situate 
«»  in  the  figure,  where  the  solar  perigee  P  is  between  the  solstice  of 
winter  and  the  equinox  of  spring.  So  that  the  time  of  the  sun's  passage 
through  the  arc  T^  A  :£b  is  greater  than  the  time  he  takes  to  go  through 
the  arc  ^zt  PnP.  The  m^or  axis  A  P  coincided  with  £^  <T,  the  line  of  the 
equinoxes,  4000  years  before  the  Christian  era;  at  that  time  P  was  in  the 
point  £^  In  6468  of  the  Christian  era,  the  perigee  P  will  coincide  with 
<T>.  In  1234  A.  D.  the  m^or  axis  was  perpendicular  to  T  s£^  and  then  P 
was  in  the  winter  solstice. 

Note  146.  p.  107.  At  the  soUtica,  S^  Since  the  declination  of  a  celestial 
object  is  its  angular  distance  from  the  equinoctial,  the  declination  of  the 
sun  at  the  solstice  is  equal  to  the  arc  Q  e,  fig.  11.,  which  measures  the  ob. 
liquity  of  the  ecliptic,  or  angular  distance  of  the  plane  HP  «:£^  froxn  the 
plane  HP  Q^^ 

Note  147.  p.  107."  Zeniih  distance  is  the  angular  distance  of  a  celestial 
object  from  the  point  immediately  over  the  head  of  an  observer. 

KoFB  148.  p.  109.  Reduced  to  the  level  of  the  sea.  The  force  of  gravlta. 
tion  decreases  as  the  square  of  the  height  above  the  surface  of  the  earth 
increases,  so  that  a  pendulum  vibrates  slower  on  high  ground;  and  in  order 
to  have  a  standard  independent  of  local  circumstances,  it  is  necessary  to 
reduce  it  to  the  length  that  would  exactly  make  86,400  vibrations  in  a  mean 
solar  day  at  the  level  of  the  sea. 

Note  149.  p.  110.  A  quadrant  qf  the  meridian  is  a  fourth  part  of  a 
meridian,  or  an  arc  of  a  meridian  containing  90°,  as  N  Q,  fig.  11. 

Note  150.  p.  112.  The  angular  velocity  of  the  earthis  at  the  rate  of  lSOf> 
in  twelve  hours,  which  is  the  time  included  between  the  passages  of  the 
moon  at  the  upper  and  under  meridian. 

Note  151 .  p.  115.  If  S  be  the  earth,  fig.  14.,  d  the  sun,  and  C  Q  O  D  the 
orbit  of  the  moon,  then  C  and  O  are  the  syzy^es.  When  the  moon  is  new 
she  is  at  C,  and  when  full  she  is  at  O ;  and  as  both  sun  and  moon  are  then 
on  the  same  meridian,  it  occasions  the  spring  tides,  it  being  high  water 
at  places  under  C  and  O,  while  it  is  low  water  at  those  under  Q  and  D. 
The  neap  tides  haf^ien  when  the  moon  is  in  quadrature  at  Q  or  D,  for 
then  she  is  distant  from  the  sun  by  the  angle  d  S  Q,  or  <f  S  D,  each  of  which 
1S90O. 

Note  152.  pp.  115, 11&    Declination.  If  the  earth  be  in  C,  fig.  11.,  and 
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if  9^0 be  the  equinoctial,  and  NmS  a  meridian,  then  mCn  is  the  de- 
clination of  a  body  at  n.  Therefore  the  cosine  of  that  angle  is  the  cosine 
of  the  declination. 

Note  153.  p.  118.  Moom^s  ioutMng.  The  time  when  the  moon  is  on  the 
meridian  of  any  place,  which  happens  about  forty-^ight  minutes  later  every 
day. 

NoTB  154.  pp.  180. 150.  fig.  SI,   Shows  the  propagation  of  waves  firom  two 
points  C  and  C,  where  stones  are  supposed  to  have  fidlen.  Those  points  in 
Fig.  SI. 


which  the  waves  cross  each  other  are  the  places  where  they  counteract  each 
other's  effects,  so  that  the  water  is  smooth  there,  while  it  is  agitated  in 
the  intermediate  spaces. 

Note  155.  p.  121.  I%e  cetdrffugal force  may,S[c.  The  centrifugal  force 
acts  in  a  direction  at  right  angles,  to  N  S,  the  axis  of  rotation,  fig.  30.  Its 
efibcts  are  equivalent  to  two  forces,  one  of  which  is  in  the  direction  b  tn 
perpendicular  to  the  surfkce  Q  m  »  of  the  earth,  and  diminishes  the  force  of 
gravity  at  tn.  The  other  acts  in  the  direction  of  the  tangent  mT,  which 
makes  the  fluid  particles  tend  towards  the  equator. 

NoiB  156.  p.  1S7.  Analyticcdformula,  or  expression.  A  combination  of 
symbols,  or  signs,  expressing  or  representing  a  series  of  calculation,  and  in. 
eluding  every  particular  case  that  can  arise  from  a  general  law. 

Note  157.  p.  131.  Platina.  The  heaviest  of  metals;  its  colour  is  between 
that  of  silver  and  lead. 

'  NoTB  158.  p.  132.  Fig.  38.  is  a  perfect  octahedron.  Sometimes  its  angles, 
A,  XfOtOt  &c.  are  truncated,  or  cut  off.  Sometimes  a  slice  is  cut  off 
its  edges  A  a,  Xa,aa,  &c..  Occasionally  both  these  modifications  take 
place. 
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NoTB  159.  p.  133.  Prismatic  crystals  of  sulphate  of  nickel  are  somewhat 
like  fig.  62.,  only  that  they  are  thin,  like  a  hair. 

Note  IGO.  p.  134.  Zinc,  a  metal  either  found  as  an  ore,  or  mixed  with 
other  metals.    It  is  used  in  making  brass. 

Note  161.  p.  135. ,  A  cube  is  a  solid  contained  by  six  plane  squareiurfiMes 
as  fig.  39. 


Note  162.  pi  135.  A  tetrahedron  is  a  solid  contained  by  four  triangular 
sur&ces,  as  fiig.  40. :  of  this  solid  there  are  many  varieties. 

Note  163.  p.  135.  There  are  many  varieties  of  the  octahedron.  In  tha 
mentioned  in  the  text,  the  base  aaaa,  fig.  38.,  is  a  square,  but  the  base 
may  be  a  rhomb ;  this  solid  may  also  be  elongated  in  the  direction  of  its  axis 
A  X,  or  it  may  be  depressed. 

Note  164.  pp.136.  229.  A  rhombohedron  is  a  solid  conuined  by  six 
plane  surfaces,  as  in  fig.  63.,  the  opposite  planes  being  equal  and  similar 
rhombs  parallel  to  one  another;  but  all  the  planes  are  not  necessarily  equal 
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or  similar,  nor  are  its  angles  right  angles.    In  carbonate  of  lime  the  angle 
C  A  B  is  1050-55,  and  the  angle  B  or  C  is  75O-05. 

NoTBl65.  p.  136.    SubUmaikm.    Bodies  raised  into  vapour  which  is 
again  condensed  into  a  solid  state. 


Note  166.  p.  137.  The  surface  of  a  co- 
lumn of  water,  or  spirit  of  wine  in  a  capil- 
lary  tuberis  hollow ;  and  that  of  a  column 
of  quicksilver  is  convex,  or  rounded,  as  in 
fig.  41. 


i^.41. 


NoTB  W.  pt  157.  Inverse  ratio,  ifc.  The  elevation  of  the  liquid  is 
greater,  in  proportion  as  the  internal  diameter  of  the  tube  is  less. 

Note  168.  p.  139.  In  fig.  41.,  the  line  c  d  shows  the  direction  of  the 
resulting  force  in  the  two  cases. 

Note  169.  p.  139.  When  two  plates  of  glass  aie  brought  near  to  one 
another  in  water,  the  liquid  rises  between  them ;  and  if  the  plates  touch 
each  other  at  one  of  their  upright  edges,  the  outline  of  the  water  will 
become  an  hyperbola. 

Note  170.  pt  140.  Let  A  A',  fig.  42.,  be  two  plates,  both  of  which  are 
wet,  and  B  B',  two  that  are  dry.    When  partly  immersed  in  a  liquid,  itt 


rtg.  42. 


fur&ce  will  be  curved  close  to  them,  but  will  be  of  its  usual  level  for  the 
rest  of  the  distance.  At  such  a  distance,  they  will  neither  attract  nor  repel 
one  another.  But  as  soon  as  they  are  brought  near  enough  to  have  the 
whole  of  the  liquid  sur&ce  between  them  airved,  as  in  a  a,  6  6,  they  win 
rush  together.  If  one  be  wet  and  another  dry,  as  C  C,  they  will  repel  one 
another  at  a  certain  distance,  but  as  soon  as  they  are  brought  very  near, 
they  will  rush  together,  as  in  the  former  cases. 

Note  171.  p.  155.  Latent  heat.  There  is  a  certain  quantity  of  heat  in 
all  bodies,  which  cannot  be  detected  by  the  thermometer,  but  which  may 
become  sensible  by  compression. 
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NarE  172.  p.  159.  Ejected  waves.    A  series  of  waves  of  light,  sound,  or 
water,  diverge  in  all  directions  from  their  origin  I,  fig.  4a,  as  from  a  centra. 

Fig.  43.; 


IVhen  they  meet  ^th  an  obstacle'  S'  S,  they  strike  against  it,  and  are 
reflected  or  turned  back  by  it  in  the  same  form,  as  if  they  had  -proceeded, 
from  the  centre  C,  at  an  equal  distance  on  the  other  side  of  the  surface  S  S* 

Note  173.  p.  160.  Elit'ptical  sheU.  If  fig.  6.  be  a  section  of  an  elliptical 
shell,  then  all  sounds  coming  ftt>m  the  focus  S  to  different  points  on  the 
surface,  as  m,  are  reflected  back  to  F,  because  the  angle  Tm  S  is  equal  to 
tmF.  In  a  spherical  hollow  shell,  a  sound  diverging  Arom  the  centre  is 
reflected  back  to  the  centre  again. 

[  Note  174.  p.  165.    Fig.  44.  represents  musical  strings  in  Tibration ;  the 
Fig.M. 


H 


*3r^^ 


:~:r:.^c 


straight  lines  are  the  strings  when  at  rest  The  first  figure  of  the  four 
would  give  the  fundamental  note,  as,  for  example,  the  low  C.  The  second 
and  third  figures  would  give  the  first  and  second  harmonies ;  that  is,  tb« 
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octave  and  the  ISth  above  C,  nnn  being  the  points  of  rest  j  and  the  fbuxth 
figure  thowi  the  real  mption  when  compounded  of  all  three . 

NoTB  175.  p.  167.    Fig.  45.  repreientf  sections  of  an  open  and  of  a 
1^.45. 


shut  pipe,  and  of  a  inpe  open  at  one  end.  When  sounded,  the  air  span- 
taneously  divides  itself  into  segments.  It  remains  at  rest  in  the  divisions 
or  nodes  n  n',  &&,  but  vibrates  between  them  in  the  direction  of  the  arrow 
heads.  The  undulations  of  the  whole  column  of  air  give  the  fundamental 
not^  while  the  vibrati<ms  of  the  divisions  give  the  harmonics. 

NoTB  176.  p.  169.  Fig.  1.  plate  1.  shows  the  vibrating  surface  when  the 
sand  divides  it  into  squares,  and  fig.  2.  represents  the  same  when  the  nodal 
Unes  divide  it  into  triangles.  The  portions  marked  a,  a  are  in  different 
states  of  vibrati(m  fh)m  those  marked  b  b. 

NoTB  177.  p.  170.  Plates  1  and  2  contain  a  few  of  Chladni*s  figures.  The 
white  lines  are  the  forms  assumed  by  the  sand,  Arom  dififerent  modes  of 
vibration,  correqwnding  to  musical  notes  of  different  d^;rees  of  pitch. 
Plate  3.  contains  six  of  Chladni's  circular  figures. 


NoTB  178.  p.  17t  Bfr.  Wheatstone*s  principle  is,  that  whea  vibrations 
producing  the  forms  of  figs.  1.  and  8.  plate  3.  are  united  in  the  same  sur- 
face,  they  make  the  sand  assume  the  form  of  fig.  3.  In  the  same  manner, 
the  vibrations  which  would  separately  cause  the  sand  to  take  the  forms  of 
figs.  4.  and  5.,  would  make  it  assume  the  form  in  fig.  6.  when  united.  The 
fig.  9.  results  flrom  the  modes  of  vibration  of  7.  and  8.  combined.  The  parts 
marked  a,  a,  are  in  different  states  of  vibration  fh)m  those  marked  6,  ft. 
Figs.  1,  2.  and  3.  plate  4.  represent  forms  which  the  sand  takes,  in  conse> 
quence  of  simple  modes  of  vibration ;  4  and  5.  are  those  arising  flrom  two 
combined  modes  of  vibration ;  and  the  last  six  figures  arise  Arom  four  su. 
permposed  simple  modes  of  vibration.  These  complicated  figures  are  dew 
terminedby  computation  independent  of  experiment 


NoTB  179.  p.  171.    The  long  cross  lines  of  t 
of  nodal  lines  given  by  M.  Savart's  lamina. 


.  46.  show  the  two  systems 
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Note  180.  p.  171.    The  short  lines  on  fig.  46.  show  the  positions  of  the 
nodal  lines  on  the  other  sides  of  the  same  laminae. 

KoTB  181.  p.  172.    Fig.  47.  gives  the  nodal  lines  on  a  cylinder,  with  the 
1^.47. 

^~^^-^ir~^^ ^.^.^.^^ 

paper  rings  that  mark  the  quiescent  points. 
Note  182.  ppi  180,  181.  185.     Rtfiection  and  reaction.     Let  P  C  p. 


Fig.^ 


fig.  48.,  be  perpendicular  to  a  surface 

of  glass  or  water  A  B.     When  a 

ray  of  light,  passing  through  the  air, 

falls  on  (bfs  surface  in  any  direction 

I C,  part  of  it  is  reflected  in  the  di. 

rection  CS,  and  the  other  part  is 

bent  at  C,  and  passes  through  the 

glass  or  water  in  the  direction  C  R. 

I  C  is  called  the  incident  ray,  and 

I C  P  the  angle  of  incidence ;  C  S  is 

the  reflected  ray,  and  P  C  S  the 

angle  of  reflection :  C  R  is  the  re. 

Ihicted  ray,  and  />  C  R  the  angle  of 

refraction.       The     plane     passing 

through  S  C  and  I  C  is  the  i^ne  of 

reflection,    and  the  plane  passing 

through  I  C  and  C  R  is  the  plane  of  refraction.  In  ordinary  cases,  C  S,  C  R, 

C  I,  are  all  in  the  same  plane.    We  see  the  surface  by  means  of  the  re. 

fleeted  light,  which  would  otherwise  be  invisible.    Wliatever  the  reflecting 

8ur£sce  may  be,  and  however  obliquely  the  liglit  may  fall  upon  it,  the  angle 

of  reflection  is  always  equal  lo  the  angle  of  incidence.  Thus,  I C,  V  C,  being 

rays  incident  on  the  surface  at  C,  they  will  be  reflected  into  C  S,  C  S',  so 

that  the  angle  S  C  P  will  be  equal  to  the  angle  I C  P,  and  S'  C  P  equal  to 

V  C  P.    That  is  by  no  means  the  case  with  the  refracted  rays.    The  inci. 

dent  rays  I C,  V  C,  are  bent  at  C,  towards  the  parpendicular,  in  the  direction 

C  R,  C  R%  and  the  law  of  refraction  is  such,  that  the  sine  of  the  angle  of  in. 

qidence  has  a  constant  ratio  to  the  sine  ci  the  angle  of  refraction ;  that  is  to 

My,  the  number  expnssing  the  length  of  I  m»  the  sine  of  I CP,  divided  by 
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NOTEg. 


the  number  expreninx  the  length  of  R m  the  tine  of  RCp  iiihe  same  fot 
all  the  ny«  of  light  that  can  fall  upon  the  surfkoe  of  any  one  substanoe* 
and  it  called  itt  Index  of  refraction.  Though  the  index  of  refractioa  he 
the  tame  for  any  one  iubttance»  it  it  not  the  tame  for  all  tubttancec.  For 
water  it  it  1-336;  for  crown  glatt  it  itl'535}  for  fiint  glatt,  1*6;  ibr 
diamond,  8  487 ;  and  for  chromate  of  lead  it  it  3,  which  tubttance  has  a 
higher  reflractire  power  than  any  other  known.  Light  fifdling  perpendicularly 
on  a  turfiu%,pattet  through  it  without  being  refracted.  If  the  light  be  now 
supposed  to  patt  from  a  dente  into  a  rare  medium,  at  from  ^att  or  water 
into  air,  then  R  C,  R'  C,  become  the  incident  rayt ;  and  in  thit  cate  the  re- 
Aracted  rayt,  CI,  C  F,  are  bent  from  the  perpendicular  inttead  of  towards  it 
"When  the  incidence  it  very  (Clique,  at  r  C,  the  light  never  pattet  into  the 
air  at  all,  but  it  totally  reflected  in  the  Erection  C  r',  to  that  the  an^ 
/>  C  r  it  equal  top  C  r' :  that  frequently  happent  at  the  tecond  tur£sce  of 
a  piece  of  glatt.  When  a  ray  I S  fiillt  from  air  upon  a  piece  of  ^aas  A  B» 
it  it  in  general  refracted  at  each  turfoce  At  C  it  it  bent  towardt  the  per. 
pendicular,  and  at  R  tnm  it,  and  the  ray  emerges  parallel  to  I  C :  but 
when  the  ray  it  very  oblique  to  the  tecond  surface,  it  it  totally  reflected. 
An  object  teen  by  total  reflection,  it  nearly  at  vivid  as  when  teen  by  direct 
vition,  becaute  no  part  of  the  light  it  refracted. 

NoTB  I8&  p  181.    Atmospheric r^ractkn.    Ijetab,ab,  ftc*  fig.  4a,  be 


ttrata,  or  extremely  thin  layert,  of  the  atmosphere,  which  increase  in  den- 
sity  towardt  m  n,  the  surface  of  the  earth.  A  ray  coming  from  a  ttar  meet, 
ing  the  turface  of  the  atmosphere  at  S,  would  be  refracted  at  the  turfiu;e  of 
each  layer,  and  would  contequently  move  in  the  curved  line  S  r  r  r  A ;  and 
at  an  object  it  seen  in  the  direction  of  the  ray  that  meett  the  eye,  the  star^ 
which  really  it  in  the  direction  A  S,  would  teem  to  a  pencm  at  A  to  be  in  s; 
So  that  refraction,  which  alwayt  actt  in  a  vertical  direction,  raises  objects 
above  their  true  place.  For  that  reason,  a  body  at  S',  below  the  horisoa 
H  A  O,  would  be  raised,  and  would  be  seen  in  K  The  sun  is  frequoitly 
visttde  by  refraction  after  he  is  set,  or  before  he  is  risen..  Theieisnoiefirac^ 
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tion  in  the  zenith  at  Z. '  It  increases  all  the  way  to  the  horizon,  where  it  ia 
greatest,  the  variation  being  proportional  to  the  tangent  of  the  angles 
Z  A  S,  Z  A  S',  the  distances  of  the  bodies  S,  S',  Arom  the  zenith.  The 
more  obliquely  the  rays  fall,  the  greater  the  refraction. 

Note  184.  p.  182.    Bradley*s  method  qf  ascertaining  the  amount  qf  r^rac 
tioH.    Let  Z,  fig.  50.,  be  the  zenith,  or  point  immediately  above  an  observer 


at  A ;  let  H  O  be  his  horizon,  and  P  the  pole  of  the  equinoctial  A  Q, 
Hence  P  A  Q  is  a  right  angle.  A  star  as  near  to  the  pole  as  «,  would  appear 
to  revolve  about  it,  in  consequence  of  the  rotation  of  the  earth.  At  noon, 
for  example,  it  would  be  at «  above  the  pole,  and  at  midnight  it  would  be  in 
af  below  it.  The  sum  of  the  true  zenith  distances,  Z  A  9,  Z  A  $',  i»  equal 
to  twice  the  angle  ZAP.  Again,  S  and  S'  being  the  sun  at  his  greatest 
distances  (torn  the  equinoctial  A  Q  when  in  the  solstices,  the  sum  of  hit 
true  zenith  distances,  Z  A  S,  Z  A  S',  is  equal  to  twice  the  angle  Z  A  Q. 
Ck>nsequent]y,  the  four  true  zenith  distances,  when  added  together,  are 
equal  to  twice  the  right  angle  Q  A  P ;  that  is,  they  are  equal  to  180<>.  But 
the  observed  or  apparent  zenith  distances  are  less  than  the  true,  on  account 
of  refraction ;  therefore  the  sum  of  the  four  apparent  zenith  distances  are 
less  than  180<^  by  the  whole  amount  of  the  four  refractions. 

Note  185^  p.  18a  Terrestrial  ri^ractUm,  Let  C,  fig.  51.,  be  the  centre 
of  the  earth,  A  an  observer  at  its  surface,  A  H  his  horizop,  and  B  some 
distant  point,  as  the  top  of  a  hill.  Let  the  arc  B  A  be  the  path  of  a  ray  ' 
coming  from  B  to  A;  E  B,  £  A,  tangents  to  its  extremities;  and  A  6, 
B  F,  perpendiculars  to  C  A  and  C  B.  However  high  the  hill  B  may 
be,  it  is  nothing  when  compared  with  C  A,  the  radius  of  the  earth ; 
consequently,  A  B  differs  so  little  from  A  D,  that  the  angles  A  E  B  and 
A  C  B  are  supplementary  to  one  another ;  that  is,  the  two  taken  t<^e. 
ther  are-  equal  to  18(P.  Now  B  A  H  is  the  real  height  of  B,  and  E  A  H 
its  apparent  height ;  hence  refraction  raises  the  object  B,  by  the  angle 
£A  B,  above  its  real  place.  Again,  the  real  depression  of  A,  when  viewed 
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from  B,  it  F  B  A,  whereat  Hf 
apparent  depretnon  it  F  B  E, 
•o  E  B  A  it  due  to  refiraction. 
The  angle  F  B  A  it  equal  to 
the  turn  of  the  anglet  BAH 
and  A  C  B ;  that  it,  the  true 
elevation  it  equal  to  the  turn  of 
the  true  depretsion  and  the  ho- 
rizontal  angle.  But  the  true 
elevation  it  equal  to  the  appa. 
rent  elevation  diminithed  by 
the  reflraction;  and  the  true 
deprettion  is  equal  to  the  appa. 
rent  depretsion,  increased  by 
refraction.  Hence  twice  the  re- 
fraction it  equal  to  the  hori- 
zontal  angle  augmented  by  the 
difference  between  the  appa- 
rent elevaticm  and  the  ai^>a. 
rent  depresticm. 


NOTES. 


Fig  5U 


Notb  186.  p.  18i.  Fig.  5£.  repretentt  the  phenomenon  in  question. 
S  P  it  the  real  ship,  with  itt  inverted  and  direct  imaget  seen  in  the  air. 
"Were  there  no  refraction,  the  rayt  would  come  from  the  shi  iS  P  to  the 

Fig.S2. 


eye  E  in  the  direction  of  the  straight  lines ;  but,  on  account  of  the  variaUe 
density  of  the  inferior  strata  of  the  atmosphere,  the  rays  are  bent  in  the 
curved  linet  PcE,Pd£,SfnE,SfiR  Since  an  object  is  seen  in  the  di. 
reetion  of  the  tangent  to  that  point  of  the  ray  which  meets  the  eye,  the 
point  P  of  the  real  ship  is  seen  at  p  and;/,  and  the  point  S  seems  to  be  in  < 
and  a^  \  and  as  all  the  other  points  are  transferred  in  the  same  x 
rect  and  inverted  images  of  the  ship  are  fonned  in  the  air  above  it 
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\Pig.53. 


/      I 


Note  187.   p.  184.    Fig.  53.  represents 


/      / 


the  section  of  a  poker,  with  the  refhiction  •      | 
produced  by  the  hot  air  surrounding  it       • 


Note  188.  p.  188.    The  solar  spectrum.    A  ray  from  the  sun  at  S,  fig.  54 , 
i^.54. 


admitted  into  a  dark  room  throi^h  a  small  round  hde  H  in  a  window 
shutter,  proceeds  in  a  straight  line  to  a  screen  D,  on  which  it  forms  a 
bright  circular  spot  of  white  lig^  oi  nearly  the  same  diameter  with  the 
hole  H.  But  when  the  reflracting  angle  B  A  C  of  a  glass  prism  is  inter, 
posed,  so  that  the  sun-beam  faUs  on  A  C  the  first  swface  of  theprinn,  and 
em^ges  ftcm  the  second  surface  A  B  at  equal  a^^  it  causes  the  rays  to 
deviate  from  the  straight  path  S  D,  and  bends  then  to  the  screen  M  N, 
whore  they  fatm  a  coloured  image  V  R  of  the  sun,  of  the  same  breadth 
with  ti>e  diameter  of  the  hole  H,  but  much  longer.  The  space  V  R  con. 
sists  of  seven  colours, ->  violet,  tndigo,  blue,  green,  yeUow,  orange,  and 
red.  The  violet  and  red,  beUig  the  most  and  least  refrangible  rays,  are  at 
the  esctremities,  and  the  green  occupy  the  middle  part  at  G.  The  angle 
DgGia  called  the  mean  .deviation,  and  the  spreading  of  the  coloured  rays 
over  the  angle  V  ^  R  the  dispersion.  The  deviation  and  dispersicm  vary 
with  the  refracting  angle  B  A  C  of  the  prism,  and  with  the  substance  of 
which  it  is  made. 

Note  189.  p.  194.    Under  the  same  circumstances,  and  where  the  refrad. 
ting  angles  of  the  two  prisms  are  equal,  the  angles  "DgQ  and  V  g^  R,  fig.  54. , 
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are  greater  for  flint  glass  than  for  crown  glass.  But  as  they  vary  with  the 
angle  of  the  prism,  it  u  only  necessary  to  augment  the  refiracting  angle  of 
the  crown  glass  prism  by  a  certain  quantity,  to  produce  nearly  the  same 
deviation  and  dispersion  with  the  flint  glass  prism.  Hence,  when  the  two 
prisms  are  placed  with  their  refracting  angles  in  opposite  directions,  as  in 
fig.  54.,  they  nearly  neutralise  each  other's  effects,  and  refract  a  ny  of 
light  without  resolving  it  into  its  elementary  coloured  rays.  Sir  David 
Brewster  has  come  to  the  conclusion,  that  there  may  be  refraction  without 
colour  by  means  of  two  prisms,  or  two  lenses,  when  properly  adjusted,  even 
though  they  be  made  of  the  same  kind  of  glass. 


Note  190.  p.  191  The  object  glass  of  the  achromatic  te- 
lescope consists  of  a  convex  lens  A  B,  fig.  55.,  of  crown  glass 
placed  on  the  outside  towards  the  object,  and  of  a  concavo- 
convex  lens  C  D  of  flint  glass  placed  towards  the  eye.  The 
focal  length  of  a  lens  Is  the  distance  of  its  centre  from  the 
point  in  which  the  rays  converge,  as  F,  fig.  GO.  If,  then,  the 
lenses  A  B  and  C  D  be  so  constructed  that  their  focal  lengths 
are  in  the  same  proportion  as  their  dispersive  powers,  they 
wiU  refract  rays- of  fight  without  coloiv. 


NoT^191.  p.  198.  When  a  sun.beam,  after  having  passed  through  a 
colourea  glass  V  V',  fig.  56.,  enters  a  dark  room  by  two  small  slits  O  C  in 
a  card,  or  piece  of  tin,  they  produce  alternate  bright  and  black  bands  on 
a  screen  S  S'  at  a  little  distance.  When  either  one  or  other  of  the  slita 
O  or  O'  is  stopped,  the  dark  bands  vanish,  and  the  screoi  is  illuminated 
by  a  uniform  light,  proving  that  the  dark  bands  are  produced  by  the  iir. 
terference  of  the  two  sets  of  rays.  Again,  let  H  m,  fig.  57.,  be  a  beam 
of  white  light  passing  through  a  hole  at  H,  made  with  a  fine  needle  in 
a  piece  of  lead  or  a  card,  and  received  on  a  screen  S  S'.  When  a  hair,  or 
a  small  slip  of  card  hhf  about  theSOth  of  an  inch  in  breadth,  is  held  in  the 
beam,  the  rays  bend  round  on  each  side  of  it,  and,  arriving  at  the  screen  in 
different  states  of  vibration,  interfere  and  form  a  series  of  coloured  fringe 
on  each  side  of  a  central  white  band  m.  When  a  piece  of  card  is  interposed 
at  C,  so  as  to  intercept  the  light  which  passes  on  one  side  of  the  hair,  the 
coloured  fringes  vanish.  When  homogeneous  light  is  used,  the  fringes 
are  broadest  in  red,  and  become  narrower  for  each  colour  of  the  spec 
trum  progressively  to  the  violet,  which  gives  the  narrowest  and  most 
crowaed  fringes.  These  very  elegant  experiments  are  due  to  Dr.  Tboma* 
Young. 
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Fig,  56. 


Note  192.  pp.  202.  237.  Fig.  58.  shows  Newton's  rings,  of  which  there 
are  seven,  formed  by  screwing  two  lenses  of  j^  ^ 

glass  together.  Provided  the  incident  light  be 
white,  they  always  succeed  each  other  in  the 
following  order :  — 

Ist  ring,  or  Ist  order  of  colours :  Black,  very 
faint  blue,  brilliant  white,  yellow,  orange,  red.  J 

2d  ring  :  Dark  purple,  or  rather  violet,  blue, 
a  very  imperfect  yellow  green,  vivid  yellow,  t 
crimson  red. 

3d  ring :  Purple,  blue,  rich  grass  green,  fine 
yellow,  pink,  crimson. 

4th  ring :  Dull  bluish  green,  pale  yellowish  pink,  red. 

5th  ring :  Pale  bluish  green,  white,  pink. 

6th  ring :  Pale  blue-green,  pale  pink. 

7th  ring :  Very  pale  Uuish  green,  very  pale  pink. 

After  the  seventh  order,  the  colours  became  too  faint  to  be  distinguished 
The  rings  decrease  in  breadth,  and  the  colours  become  more  crowded 
together,  as  they  recede  frmn  the  centre.  When  the  light  is  homogeneous, 
the  rings  are  broadest  in  the  red,  and  decrease  in  breadth  with  every  suc- 
cessive colour  of  the  spectrum  to  the  violet 
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Note  193.  p.204.  The  abwdute  thickneM  of  the  fihn  of  air  between  tte 
gUuMt  is  found  as  foUowB:— Let  AFBC,  fig.  59.,  be  the  section  ofa  tens 
lying  on  a  plane  surface  or  plate  of 
glass  P  F,  seen  edgewise,  and  let 
£  C  be  the  diameter  of  the  sphere  of 
which  the  lens  is  a  segment  If  A  B 
be  the  diameter  of  any  one  of  New- 
ton's rings,  and  B  D  parallel  to  C  E, 
then  B  D  or  C  F  is  the  thickness  of 
the  air  producing  it  E  C  is  a  known 
quantity,  and  when  AB  the  diameter 
is  measured  with  compasses,  B  D  or 
F  C  can  be  computed.  Newton  found 
that  the  length  of  B  D,  corresponding 
to  the  darkest  part  of  the  first  ring,  is 
the  98000th  part  of  an  inch  when 
the  rays  fall  perpendicularly  on  the 
lens,  and  from  this  he  deduced  the  thickness  corresponding  to  each  colour 
in  the  system  of  rings.  By  passing  each  colour  of  the  solar  spectrum  in 
succession  over  the  lenses,  Newton  also  detennined  the  thidmess  of  the 
film  of  air  corresponding  to  each  colour  from  the  breadth  of  the  rings,  which 
are  always  of  the  same  colour  with  the  homogeneous  light 

Note  194.  p.  20a  There  are  seven  rings,  and  not 
three,  as  stated  in  the  text  Let  L  L',  fig  60.,  be  a 
lens  of  very  short  focus  fixed  in  the  window  shutter 
of  a  dark  room.  A  sunbeam  S  L  L'  passing  through 
the  lens,  will  be  brought  to  a  focus  in  F,  whence  it 
will  diverge  in  lines  FC,  FD,  and  will  form  a  cir. 
cuhtr  image  of  light  on  the  opposite  walL  Suppose 
a,  sheet  of  lead,  having  a  small  pin.hcrie  pierced 
through  it,  to  be  placed  in  this  beam  ;  when  the  pin- 
hole  is  viewed  from  behind  with  a  lena  at  £,  it  ia 
surrounded  with  a  series  of  coloured  rings,  which 
vary  in  appearance  with  the  relative  positions  of  the 
pin-hole  and  eye  with  regard  to  the  point  F.  When 
the  hole  is  the  SOth  of  an  inch  in  diameter  and  at 
the  distalice  of  6|  feet  from  F,  when  viewed  at  the 
distance  of  24  inches,  there  are  seven  rings  of  the 
following  colours  :— 

Ist  order:  White,  pale  yellow,  yellow,  orange 
dull  red. 

£d  order :  Violet,  blue,  whitish,  greenish  yellow, 
fine  yellow,  orange  red. 

3d  order :  Purple,  indigo  hlue,  gveenish  blue,  bril. 
liant  green,  yellow  green,  red. 

4th  order  ;  Good  green,  bluish  white,  red. 

5th  Older :  Dull  green,  £unt  bluish  whate^  fiiint 
red. 
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6th  Older  :  Very  feint  green,  very  feint  red. 
7th  order:  A  trace  of  green  and  red. 


Note  195.  p.  207.  Let  L  I/,  fig.  61.,  be 
the  section  of  a  lens  placed  in  a  window 
shutter,tbrough  which  a  very  small  beam 
of  light  S  L 1/  passes  into  a  dark  room, 
and  comes  to  a  focus  in  F.  If  the  edge 
of  a  knife  K  N  be  hdd  in  the  beam, 
the  rays  bend  away  firom  it  in  hyperbolic 
curves  K  r,  K  r',  &c  instead  of  coming 
directly  to  the  screen  in  the  straight  line 
K  E,  which  is  the  boundary  of  the  sha- 
dow. As  these  bending  rays  arrive  at 
the  screen  in  diflterent  states  of  undula- 
tion, they  interfere,  and  form  a  series  of 
coloured  fWnges,  r  r',  &c.  along  the  edge 
of  the  shadow  K  E  S  N  of  the  knife. 
The  fringes  vary  in  breadth  with  the 
relative  distances  of  the  knife  edge  and 
screen  firom  F. 
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Note  196.  p.  210.  Fig.  43.  represents  the  phenomenon  in  quesaon,  where 
S  S  is  the  surface,  and  I  the  centre  of  incident  waves.  The  reflected  waves 
are  the  dark  lines  returning  towards  I,  which  are  the  same  as  if  they  had 
originated  in  C  on  the  other  side  of  the  surfece. 

Fig.  62. 


r^ 


Note  197.  p.  213.  Fig.  62.  represents  a  prismatic  piece  of  tour- 
maline, whose  axis  is  A  X,  The  slices  that  are  used  for  polar- 
sing  light  are  cut  parallel  to  A  X. 


"  Note  198.  p.  215.  Double  r^racHon.  If  a  pencil  of  light  R  r,  fig.  65., 
faUs  upon  a  rhombohedron  of  Iceland  spar  A  B  X  C,  it  is  separated  into 
two  equal  pencils  of  light  at  r,  which  are  refracted  in  the  directions  r  O, 
r  E :  when  these  arrive  at  O  and  E  they  are  again  refracted,  and  pass  into 
HH    3 
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the  air  in  the  directions  O  o,  E  o,  parallel  to  one  another  and  to  the  incident 
ray  R  r.    The  ray  r  O  is  refracted  according  to  the  ordinary  law,  which  is. 


that  the  nnet  of  the  angles  of  incidence  and  refraction  bear  a  constant  ra- 
tio to  one  anotho:  (see  Note  18S.),  and  the  rays  R  r,  r  O,  O  o,  are  all  in  the 
same  plane.  The  pencil  r  £,  on  the  contrary,  is  bent  aside  out  of  that  plane* 
and  its  refraction  does  not  follow  the  constant  ratio  of  the  dnes :  r  E  is 
therefore  called  the  extraordinary  ray,  and  r  O  the  ordinary  ray.  In  con- 
sequence of  this  bisection  of  the  light,  a  spot  of  ink  at  O  is  seen  double  at 
O  and  E,  when  viewed  from  r;  and  when  the  crystal  is  turned  round,  the 
image  E  revolves  about  O,  which  remains  stationary. 

Note  199.  p.  S1&  Both  of  the  parallel  rays  O  o  and  E  o,  fig.  63.,  are  po. 
larised  on  leaving  the  doubly  refracting  crystal,  and  in  both  the  particles  of 
light  make  their  vibrations  at  right  angles  to  the  lines  O  o,  Eo.  In  the  one, 
however,  these  vibrations  lie,  for  example,  in  the  plane  of  the  horiaon, 
while  the  vibrations  of  the  other  lie  in  the  vertical  plane  perpendicular  to 
the  horizon. 

Note  £00.  p.  217.  If  light  be  made  to  fall  in  various  directions  on  the 
natural  faces  of  a  crystal  of  Icdand  spar,  or  on  faces  cut  and  polished  arti- 
ficially, one  direction  A  X,  fig.  GO.,  will  be  found,  al(mg  which  the  light 
passes  without  bdng  separated  into  two  pencils.  A  X  is  the  optic  axis.  In 
some  substances  there  are  two  optic  axes  forming  an  angle  with  each 
other.  The  optic  axis  is  not  a  fixed  line,  it  only  has  a  fixed  direction ;  for 
if  a  crystal  of  Iceland  spar  be  divided  into  smaller  crystals,  each  will  have 
its  optic  axis ;  but  if  all  these  pieces  be  put  together  again,  their  optic  axes 
will  be  parallel  to  A  X.  Every  line,  therefore,  within  the  crystal  parallel  to 
A  X  is  an  optic  axis ;  but  as  these  lines  have  all  the  same  direction,  thd 
crystal  is  still  said  to  have  but  one  optic  axis. 

Note  SOI.  p.  2ia  If  I C,  fig.  48.,  be  the  incident,  and  C  S,  the  reflected 
rays,  then  the  particles  of  polarised  light  make  their  vibrations  at  righ 
angles  to  the  plane  of  the  paper. 

Note  SQSL  p.  2ia    Let  A  B,  fig.  48.,  be  the  surface  of  the  reflector,  I C 
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the  incident,  and  C  S  the  reflected  rays ;  then,  when  the  angle  S  C  B  is 
57^,  and  consequently  the  angle  PCS  equal  to  33^  the  black  spot  will  be 
«een  at  C  by  an  eye  at  S. 

Note  203.  p.  S90.  Let  A  B,  fig.  46.,  be  a  reflecting  surface,  I  C  the  in- 
cident, and  C  S  the  reflected  rays ;  then,  if  the  surface  be  plate  glass,  the 
angle  S  C  B  must  be  57°,  in  order  that  C  S  may  be  polarised.  If  the  sur. 
fkce  be  crown  glass  or  water,  the  angle  S  C  B  must  be  56°  55'  for  the  first, 
■and  53°  1 1'  for  the  second,  in  order  to  give  a  polarised  ray. 

Note  204.  p.  222.    A  polarising  apparatus  is  represented  in  fig.  64., 
Fig.6i. 

B 


where  R  r  is  a  ray  of  light  falling  on  a  piece  of  gl  ass  r  at  an  angle  of  5*-  o!. 
the  reflected  ray  r>  is  then  polarised,  and  may  be  viewed  through  a  piece 
-of  tourmaline  in  «,  or  it  may  be  received  on  another  plate  of  glass,  B,  whose 
surface  is  at  right  angles  to  the  surface  ofr.  The  ray  r  « is  again  reflected 
in  4r,  and  comes  to  the  eye  in  the  direction  s  K  The  plate  of  mica,  M  I,  or 
of  any  substance  that  is  to  be  examined,  is  placed  between  the  points  r 
and«. 

Note  905.  p.  224.  In  order  to  see  these  figures,  the  polarised  ray  r  $» 
€g.  64.,  must  pass  through  the  optic  axis  of  the  crystal,  which  must  be  held 
as  near  as  possible  to  «  on  one  side,  and  the  eye  placed  as  near  as  possible 
to  «  on  l^e  other.    Fig.  65.  shows  the  image  formed  by  a  crystal  of  Ice- 


Fig.65. 
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land  spar  which  has  one  optic  axis.  The  colours  in  the  ringg  are  exactly 
the  same  with  those  of  Newton's  rings  given  in  Note  193,  and  the  cross  is 
black.  If  the  spar  be  turned  round  its  axis,  the  rings  sufifer  no  change  ; 
but  if  the  tourmaline  through  which  it  is  viewed,  or  the  plate  of  glass  B, 
be  turned  round,  this  figure  will  be  seen  at  the  angles  (P,  9(P,  18QP,  and 
270°  of  its  revolution.  But  in  the  intermediate  points,  that  is,  at  the  an- 
gles  450, 1350,  2350,  and  315<>,  another  system  will  appear,  such  as  repie> 
sented  in  fig.  6&,  where  all  the  colours  of  the  rings  are  complementary 
to  those  of  fig.  65.,  and  the  black  cross  is  white.  The  two  Sj^stems  of  rings, 
if  superposed,  would  produce  white  light. 

Note  906.  p.  S24.  Saltpetre,  or  nitre,  crystallises  in  six-sided  prisms 
having  two  (^tic  axes  inclined  to  one  another  at  an  angle  of  5°.  A  slice 
of  this  substance  about  the  6th  or  8th  of  an  inch  thick,  cut  perpendicularly 
to  the  axis  of  the  prism,  and  placed  very  near  to  «,  fig.  64.,  so  that  the 
polarised  ray  r  s  may  pass  through  it,  exhibits  the  system  of  rings  repre. 
sented  in  fig.  67.,  where  the  points  C  and  C  mark  the  position  of  the  op- 
tic axes.    When  the  plate  B,  fig.  6^,  is  turned  round,  the  image  changes 


Fig.  67. 


rtg.68. 


successively  to  those  given  in  figs.  68.,  69.,  and  70.  The  colours  of  the 
rings  are  the  same  with  those  of  thin  plates,  but  they  vary  with  the 
thickness  of  the  nitre.  Their  breadth  enlarges  or  diminishes  also  with  the 
colour,  when  homogeneous  light  is  used. 
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Fig.  69. 


Fig.  10. 


Ffg.n. 


Note  207.  p.  226L    Fig.  71.  represents  the  appearance  produced  by  placing 
a  slice  of  rock  crystal  in  the  polarised  ray  r  *,  fig.  64.    The  uniform  colour  in 
the  interior  of  the  image  depends  upon  the  thick, 
ness  of  the  slice ;  but  whatever  that  colour  may  be, 
it  will  alternately  attain  a  maximum  brightness 
and  vanish  with  the  revolution  of  the  glass  B. 
It  may  be  observed,  that  the  two  kinds  of  quartz, 
or  rock  crystal,  mentioned  in  the  text,  are  com-  [ 
bined  in  the  amethyst,  which  consists  of  alter- 1 
nate   layers  of   right-handed  and  left-handed 
quartz,  whose  planes  are  parallel  to  the  axis  of 
the  crystal. 

NoTB 208.  p.230.  Suppose  the  major  axis  A P  of  an  ellipse,  fig.81..  to 
be  "Jjanable,  but  the  excentricity  CS  continually  to  diminish,  theeUipse 
would  bulge  more  and  more ;  and  when  C  S  vanished,  it  wouM  become^ 
drde  whose  diameter  is  A  P.  Again,  if  the  excentricity  were  continually 
to  inorease,  the  eUipse  would  be  more  and  more  flattened  till  C  S  was  equal 
to  C  F,  when  it  would  become  a  straight  Une  A  P.  The  circle  and  straight 
Ime  are  therefore  the  limits  of  the  ellipse 

NoTB  S09.  p.  231.  The  coloured  rings  are  produced  by  the  Interference 
of  two  polansed  rays  in  diffferent  states  of  undulation,  on  the  principle  ex- 
^ained  for  common  light 

NoTB  210.  p.  264.  A  mirror  is  a  polished  metallic  surface,  which  may  be 
plane,  convex,  or  concave. 
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Note  211.  p.  294.    The  class  Cryptogamia  contains  the  ferns, 
Amguses,  and  sea-weeds :  in  all  of  which  the  parts  of  the  flowers  are 
either  little  known,  or  too  minute  to  be  evident 

Note  212.  p.  297.    ZoophUes  are  the  animals  which 'form  madrepores, 
corals,  sponges,  &c. 

KoteSIS.  p.  297.  The  Saurian  tribes  are  creatures  of  the  lizard  or  croco. 
dile  kind.    Some  of  those  found  in  a  fossil  state  are  of  enormous  size. 


Note  214.  p.  944.  When  a  stream 
of  positive  electricity  descends  flrom  P 
to  n,  fig.  72..  in  a  vertical  wire  at  right 
angles  to  the  plane  of  the  horizontal 
etrde  A  B,  the  negative  electricity  as- 
cends  firom  n  to  P,  and  the  force  ex- 
erted by  the  current  makes  the  north 
pole  of  a  magnet  revolve  about  the  wire  A 
in  the  direction  of  the  arrow  heads  in 
the  circumference,  and  it  makes  the 
south  pole  revolve  in  the  opposite  di- 
rection. When  the  curroit  of  posi- 
tive electricity  flows  upwards  fromn 
to  P,  these  etBscts  are  reversed. 


Note  215.  p.  346.  Fig.  73.  represents  a  helix  or  coil  of  coppe  wire,  ter- 
minated by  two  cups  con.  Fig.  73. 
taining  a  little  quicksil. 
ver.  When  the  positive  , 
wire  of  a  Voltaic  battery 
is  immersed  in  the  cup  P, 
and  the  negative  in  the 
cup  n,  the  circuit  is 
completed.  The  quick. 
alver  insures  the  connec 
tion  between  the  battery 
and  the  helix,  by  convey- 
ing the  electricity  from  the  one  to  the  other.  While  the  electricity  flows 
through  the  helix,  the  magnet  S  N  remains  suspended  within  it,  but  faUs 
down  the  moment  it  ceases.  The  magnet  always  turns  its  south  pole  S 
towards  P  the  positive  wire  of  the  battery,  and  its  north  pole  towards  the 
negative  wire. 


Note  21&  p.  351.  A  copper  wire  coiled  in  the  form  represented  in  fig. 
73.  is  an  electro-dynamic  cylinder.  When  its  extremities  P  and  n  are 
connected  with  the  positive  and  negative  poles  of  a  Voltaic  battery,  it  be. 
comes  a  perfect  magnet  during  the  time  that  a  current  of  electricity  is 
flowing  through  it,  P  and  n  being  its  north  and  south  poles.  There  are  & 
variety  of  forms  of  this  apparatus. 
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Note  217.  p.  404^  One  of  the  globular  clusters  mentioned  in  the  text,  is 
rq)resented  in  fig.  1.  plate  5.  The  stars  are  gradually  condensed  towards 
the  centre,  where  they  run  together  into  a  blase  somewhat  like  a  snowball. 
The  more  condensed  part  is  projected  on  a  ground  of  irregularly  scattered 
stars,  which  fills  the  whole  field  of  the  telescope.  Tliere  are  few  stars  in 
the  ndghbourhood  of  this  cluster. 

Note  218.  p.  406.  Fig.  2.  plate  5.  represents  one  of  those  enormous 
rings  in  its  oblique  position.  It  has  a  dark  space  in  the  centre,  with  a  small 
star  at  each  extremity. 

Note  219.  p.  407.  Fig.3L  plate  5.  may  convey  some  idea  of  the  ring  in 
the  constellation  of  the  Lyre  mentioned  in  the  text 

Note  220.  p.  407.  Tliis  most  wonderful  object  has  the  ai^iearance  of 
fig.  4.  plate  5.  The  southern  head  is  denser  than  the  northern.  The  light 
of  this  object  is  perfectly  milky     There  are  one  or  two  stars  in  it 

Note  2S1.  p.  407.    Fig.  5.  plate  5.  represents  this  brother  system. 

Note  222.  p.  406.  Fig.  6.  plate  5.  represents  one  of  the  spindle-shaped 
nebulae. 
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Abbrkation  of  light,  40.    Note  96L 
Abfiorption  of  solar  light  by  the  at. 
mosphere,  186. 

—  of  Gght  by  coloured  media,  189. 
— —  not  incoDffistent  with  the  undu- 

latory  theory,  208. 
Acceleration  in  the  mean  motion  of 

the  moon,  46. 
of  Ekicke'8  comet,  380. 

-  —  of  Gambart's  comet,  S81. 
Accidentalcolours,  laS. 
Achromatic  telescope,  194.    Mote  190. 
Action  and  reaction,  6.    Note  18. 

of  light  on  the  retina,  211. 

Adhesion  of  glass  plates,  1S8. 
Affinity,  chemical,  130. 

Air,  atmospheric,  analysis  of,  141. 

Airy,  Profiessor,  his  determination  of 
the  inequality  of  the  earth  and 
Venus,  S3.  His  experiments  on  the 
motion  of  polarized  light  through 
quartz,  230.  His  proof  of  the  un- 
dulatory  theory,  237.  He  removes 
an  objckstion  to  that  theory,  238. 

Algs,or  sea- weeds,  their  distribution, 
294. 

Algol,  a  variable  star,  396. 

Alhazen  the  Saracen  observed  the 
effects  of  refraction,  183. 

Altitude,  the  height  of  a  celestial 
body  above  the  horizon,  181.  Note 
183. 

Ampere,  M.,  his  theory  of  electro- 
magnetism,  352. 

Analogy  between  a  stretched  cord 
and  the  interference  of  light,  23]. 

•—  between  the  different  rays  of 
the  solar  spectruna,  240. 

-— >  between  light,  beat,  and  sound, 
260. 


Analytical  fonnuliE,  127.    Note  156. 
Analyzing  plate,  a  piece  of  glass,  or  a 
slice  of  a  crystal  used  for  examining 
the  properties  of  polarized   light, . 
225. 

Analysis,  3.    Note  3. 

Ancient  chronology,  107. 

Angle  of  position  of  a  double  star, 
398. 

Angular  motion  of  the  earth,  112. 
Note  150. 

velocity,  78.  112.    Notes  87.  135. 

15a 

.—  motions  of  the  first  three  of 
Jupiter's  satellites,  36, 37. 

Animal  electricity,  329. 

Animals,  distribution  of,  297. 

Annual  equation,  44. 

Anomaly,  mean,  48.    Note  104. 

Antennie,  the  threadlike  boms  on  the 
beads  of  insects,  244. 

ApheUon,21.    Note  64. 

Apsides,  12.  21.    Notes  48.  65. 

,  motion  of,  22.    Note  66. 

Arabian  science,  31.  49. 110. 

Arago,  M.,  shows  that  the  moon  does 
not  affect  the  atmosphere,  145.  His 
experiments  on  polarized  light,  231. 
His 'observations  on  tbe  tempera- 
ture of  the  earth  and  the  air  above 
it,  284  He  ascribes  tbe  sun's  light 
and  beat  to  electricity,  324.  On  the 
translaticm  of  the  magnetic  equa- 
tor, 333.  His  discovery  of  electri- 
city  ftom  rotation,  359.  His  Treatise 
on  Comets,  382.  On  the  probability 
of  the  earth  being  struck  by  a 
comet,  383.  He  proves  that  comets 
shine  by  reflected  light,  389. 

Arc  ofthe  meridian,  59,  60.  Notes  122, 
123. 

Arcs  a  measure  of  time,  27.   Note  75. 


Digitized  by 


Google 


478  in; 

Areas  proportional  to  the  time,  11. 

Note  4a 
Aries,  the  first  point  of,  97. 
Armature,  a  piece  of  soft  iron  con- 

necUng  the  poles  of  a  horse^shoe 

magtket,SB6. 
Artesian  wells,  UBS. 
Asia,  the  great  basin  in  Central,  143. 
Assyrians  made  use  of  the  week  of 

seven  days,  104u 
Astronomical  tables,  74. 
— ,  daU  for,  75. 

eras,  106.    Note  145. 

Astronomy,  physical,  4. 

of  the  Chinese  and  Indians,  106. 

Atmosphere,  analysis  and  pressure  o^ 

141. 

,  the  law  of  its  density,  14£. 

,  the  effect  of  heat  on,  142. 

,  the  extent  of,  144. 

,  oscillations  o^  145. 

— —  of  moon  and  planets,  963. 

— —  of  the  sun,  963. 

Atomic  weights,  130. 

Attraction  of  a  sphere  and  spheroid, 

5. 
— —  of  the  earth  and  moon,  6. 
— —  of  the  celestial  bodies,  7. 

,  universal,  8. 

,  capillary,  137. 

.  electrical,  301. 

— — ,  magnetic,  335. 

— —  of  electric  currents,  350. 

Aurora,  317. 

Axes,  lunar,  82. 

,  major,  of  planetary  orbits  in- 

variable,- 96. 
->—  connection  of,  with  mean  motion, 

26. 
Axis  of  rotation,  9. 78.    Notes  S3.  ISA. 
— — ,  principal,  99. 

parallel  to  itself,  78.  96. 

'  Axis  of  a  prism,  913.    Note  197. 

of  a  telescope,  40. 

of  a  cone,  6»    Note  21. 

,  optic,  217.    Note  200. 

— —  of  the  earth's  shadow,  50. 


B. 

Bacon,  41. 

BaiUy,  M.,  on  the  lunar  tables  of  the 
Indians,  108. 


Baily,  Mr.  Francis,  on  thelbnnofthe 
earth,  64. 

Barlow,  Mr.,  on  terrestrial  mag- 
netism, 366. 

Barometer,  141.  144. 

Barometrical  measurements,  14SL 

Base,  trigonometrical,  54.  60.  Note 
19a 

Batsha,  tides  at,  191. 

Battery  ,:Voltaic,  391. 

Beckman,  M.,  his  discovery  of  the 
chemical  rays,  989. 

Beoquerel,  M.,  his  experiments  and 
opinions  of  electrical  phenomena, 
908.  His  theory  of  atmospheric 
electricity,  310.  His  formation  of 
crystals,  396.  His  thermo.«Iectric 
battery,  363. 

Bessel,  Professor,  his  notice  of  the 
secular  variation  of  the  ecliptic,  99. 

Biela,  M.,  discovers  a  comet,  389. 

Binary  systems  of  stars,  398. 

Bissextile,  or  leap-year,  104. 

Biot,  M.,  his  experiments  on  sound, 
159.  On  circular  polarization,  9S7. 
His  theory  of  electrical  light,  307. 
Of  terrestrial  magnetism,  365.  On 
the  disturt>ances  of  terrestrial  mag. 
netism,  367.  His  observations  on 
the  magnetic  force  during  his  aero- 
static  expedition,  369. 

Birds,  their  dispersion,  297. 

Bonnycastle,  Capt,  his  account  of  a 
luminous  appearance  in  the  sea,  316. 

Bonpland,  M.,  his  botanical  observ- 
ations, 993. 

Bottot,  Professor,  his  experiments  on 
thermoelectricity,  363.  372. 

Bouguer,  M.,  his  mensuration  of  a 
degree  of  the  meridian  at  the  equa- 
tor, 61. 

Bradley,  Dr.,  his  discovery  of  niu 
tation,  98.  His  tables  of  refraction, 
182.  He  mentions  the  two  stars  of 
y  Virginis,  399. 

Brahmins  employed  the  week  of  seven 
days,  104. 

Brewster,  Sir  David,  his  discovery  of 
fluids  in  the  cavities  of  minerals, 
126.  His  analysis  of  solar  light, 
'191.  His  theory  of  accidental 
colours,  195.  His  law  of  the  polar, 
izing  angle,  221.  His  investigation 
of  the  temperature  of  springs,  276. 
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His  eBtimate  of  the  temperature 
of  the  poles  of  maximum  cold,  and 
of  the  poles  of  rotation,  286.  On  the 
parallelism  of  the  isothermal  and 
geothermal  lines,  286.  His  observ- 
ations on  phosphorescence,  31& 

Brinkley,  Bishop,  his  value  of  the 
mass  of  the  moon,  72. 

Brown,  Mr.,  his  botany  of  Australia, 
293. 

Bucfaan,  Dr.  his  account  of  a  mirage, 
185. 

Burnes,  Captain,  his  account  of  a  vol. 
canic  elevation,  274. 

C. 

Caesar,  Julius,  his  Calendar,  104. 

Cagniard  de  la  Tour,  M.,  his  inven- 
tion  of  the  Syren,  168. 

Callcott,  Mrs.,  her  account  of  the 
earthquake  at  Valparaiso,  273. 

Caloric  the  cause  of  heat,  239. 

,  the  radiation  of,  248. 

Calorific  rays  of  the  solar  spectrum, 
239. 

independent  of  light,  240. 

,  transmission  of  the,  240.  etseq. 

,  reflection  and  absorption  of  the, 

247. 

,  refraction  of,  245. 

Capillary  attraction,  124. 

of  tubes,  137.    Notes  166, 167, 

168. 

of  plates,  139.  et  seq.    Notes  169, 

170. 

Centre  of  gravity,  5.    Note  10. 

of  the  solar  system,  its  motion, 

10.  30.    Note  80. 

of  the  universe,  31. 

Centrifugal  force,  6.  121.  Notes  17. 
155. 

Chaldeans,  their  observations  of 
eclipses,  46.  49. 

Chemical  rays  of  the  solar  spectrum, 
239. 

affinity,  130. 

Chinese  science,  108. 110. 

Chladni,  his  experiments  on  vibrat- 
ing plates,  170. 174.    Note  177.    ' 

Christian  era,  104. 

Clairaut,  his  computation  of  the  dis- 
turbances of  HaU^y's  comet,  378. 


Cleavage,  136. 

Clima.te,  277. 

— ,  stability  of,  288. 

—  of  the  planets,  264. 
Climates,  excessive,  287. 

Coal  measures,  their  early  formation, 

87. 
Cobalt,  a  metal,  its  polarity,  335. 
Cohesion,  125.  et  seq. 
Cohesive    force,    the    intensity    ot, 

127. 
CcAd  at  Melville  Island,  265. 
Colladon,   M.,   his   experiments  on 

sound  under  water,  156. 
Collision  of  a  comet,  93.  382. 
Coloured  media,  their  action  on  liglit, 

190.  2oa 

fringes,  198.  202.  306. 

— ,  their  formation,  231. 
Colours,  prismatic,  188.  et  seq. 
— ,  acddental,  194. 
,  complementary,  195. 

—  of  the  stars,  402. 

Columbus  discovers  the  variation  of 
the  compass,  334.  His  account  of 
the  gulf-weed,  295. 

Coma  Berenices,  the  constellation, 
nebulae  in  it,  410. 

Comet,  Halley's,  378. 

,  Lexers,  379. 

,  Encke's,  380. 

—— ,  acceleration  of  a,  381. 

,  Biela  or  Gambart's,  382. 

— — ,  shock  of  a,  383. 

of  the  year  1680,  384. 

Comets,  374. 

,  orbits  of,  376. 

,  fall  of,  to  the  sun,  385. 

^— ,  masses  of,  386. 

,  tails  of,  387. 

— ,  nebulosity  of,  389. 

,  light  of,  390. 

,  number  of,  391. 

Compass.    See  Mariner's  compass. 

Ccnnpression,  &    Note  11. 

—  of  a  spheroid,  9. 

of  the  terrestrial  spheroid,  49, 

62.  64.    Note  30. 

——of  Jupiter,  9.79. 

of  a  fluid  mass  in  rotation,  5& 

Concentric  hollow  sphere,  its  attrac- 
tion, 5.    Note  8. 

elliptical  strata,  Sa    Note  1 18. 

Cone,  &    Note  21. 
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Configuration  or  reUtive  pofltlon  of 

Jupiter  and  Saturn,  Sa    Not*  8S. 
of  Jui^ter's  MtcUitet,  35.    Mete 

8a 
— ^  of  land  and  water,  S83. 
Conic  Mctiom,  6.    Note  21. 
Conjunction,  32.  81. 
,  contemporaDeoua,  of  planets, 

53. 
Connection  between   the  vrntiaHaas 

of  the  excentricity  and  apsides,  23. 
— —  between  the  variations  of  the 

nodes  and  inclinatioD,  25.    Note  74. 
Convexity  of  the  earth,  6L 
Co-ordinates  of  a  planet,  IS.   Note  55. 
Cosine  and  sine  fit  an  axe,  27.    Note 

75. 

of  latitude,  591    Note  121. 

Coolc,  Captain,  the  object  of  his  first 

voyage,  69. 
Cordier,  M.,  on  the  heat  of  the  earth, 

266. 
Coulomb,  his  balance  of  torsion,  305. 
Cumming,  Professmr,  his  experiments 

on  thermo-electricity;  and  magnetic 

currents,  363. 
Cryptogamia,  294.    Note  211. 
Crystallization,  132. 

,  tbe  water  oC,  133. 

,  eflfects  of  beat  on,  133. 

Cube,  135.    Note  161. 

Cubes  of  mean  distances,  7.    Note  25. 

Currents  in  the  ocean,  12L 

of  electricity,  320.  323. 

Curves  of  tbe  second  order,  or  conic 

sections,  6.    Note  21. 
——  of  double  curvature  are  lines 

curved   in   two  directions,  like  a 

corkscrew  or  helix,  227.  229. 
Cylinder  or  tube,  172. 
->— ,    electro-dynamic,   350.      Note 

216. 

D. 

Dalton,  Dr.,  his  laws  of  definite  pro- 
portion, 129.  His  experiments  on 
evaporation,  258. 

Damoiseau,  M.,  his  computation  of 
the  return  of  Ha]ley*s  comet,  378.; 
and  of  the  perturbations  of  Gam. 
bart's  comet,  382. 

Daubuisson,  M.,  on  the  temperature 
of  mines,  266. 


Davy,  Sir  Humphry,  hk  opinion  of 
electric  light,  307.  His  dtooom- 
positionof  theeuthe  and  alkafies, 
326.  His  experiments  on  tbe  tnuis- 
mission  of  tbe  electric  fluid,  371. 

Davy,  Dr.,  his  expaimenta  on  animal, 
electricity,  372. 

Day,  the  length  o^  invariable,  87. 

—— ,  astronomicid  and  tideriai,  lOS. 
Note  143. 

DecUnation,  107. 115.    Note  MS. 

,  cosine  of,  116.    Note  152. 

Definite  proportion,  120. 

— —  of  electricity,  131. 

Degrees,  minutes,  and  seconds  <^ 
arcs,  12.    Note49. 

— —  of  the  meridian,  mensuration  of, 
59. 

Delambre,  M.,  his  computationa  show 
that  the  length  of  the  year  lias  not 
been  increased  by  the  action  of 
comets,  375. 

De  la  Rive,  M.,  on  the  soiuee  of  at. 
mospheric  electricity,  SIOl  Deter- 
mines the  temperature  of  an  Arte- 
sian well,  269. 

De  Laroche,  M.,  his  experiments  on 
the  transmission  of  caloric,  940. 

Density  of  bodies,  73. 

— —  of  sun  and  planets,  73L 

of  the  ocean,  58.  651 

of  the  earth,  95. 

Depth  of  tbe  ocean,  66.  93.  112. 

DevUtion  of  light,  19^  194.  Note 
189. 

Dew,  the  fonnation  of,  249. 

Diameter,  2.    Note  1. 

— —  of  the  sun  and  earth,  72. 

— —  of  the  moon,  Jupiter,  and  PaUas, 
31.73. 

— — ,  apparent,  of  the  sim  and  planets, 
50.72.    Note  108 

Dicotyledonous  plants,  294. 

Diflft-action  of  light,  iga  206.  Notes 
191.  194, 195. 

Dip,  magnetic,  332. 

Disc,  the  apparent  surface  of  a  hea- 
venly body,  38. 

Dispersion  of  light,  188. 193.  Note  189. 

Displacement  of  Jupiter's  orbit  and 
equator,  37.    Note  88. 

Distance  of  the  sun  and  planets,  54. 

69.    Note  130. 
of  the  moon,  &  43.    Note  IGL 
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Distance,  perihelion,  la    Note  56L 

of  the  fixed  stars,  70. 

,  lunar,  54. 

,  inverse,  square  of  the,  6.    Note 

22. 

,  zenith,  107.    Note  147. 

Disturbing  force,  19.    Note  62. 

of  the  sun,  44.  96.    Note  99. 

of  the  planets  on  the  moon,  46. 

— '-'  of  the  moon  on  the  earth,  96. 

of  the  moon  on  herself,  46. 

Division  of  time,  102. 

,  decimal,  110. 

Doebereiner,  M.,  his  experiments  on 
the  combustion  of  platina,  131. 

Dollond,  Mr.,  his  achromatic  tele- 
scope, 194. 

Double  refraction,  215.    Note  198. 

• stars,  397. 

Dunlop,  Mr.,  his  catalogue  of  double 
stars,  401. 

Duperrey,  Captain,  his  determination 
of  the  magnetic  equator,  332. 

Dusejour,  M.,  proves  that  a  comet 
cannot  remain  long  near  the  earth, 
375. 

Dynamics,  the  science  of  force  and 

motion,  416w 


Earth,  form  of  the,  8.  59.    Note  29. 

,  from  arcs,  61. 

^— ,  firom  pendulum,  63. 

,  from  lunar  theory,  49. 

,  from  precession  and  nutation,  65. 

— — .  from  the  mean  of  all,  65. 

^— ,  mean  diameter,  circumference, 
polar  and  equatorial  radius  of  the,  62. 

,  density  of  the,  95. 

,  internal  structure  of  the,  94. 

,  central  heat,  and  temperature  of 

the,  87.  89. 

,  magnetism  of  the,  330. 

,  magnetic  by  induction,  365. 

,  rotation  of  the.    See  Rotation. 

Earthquakes,  273. 

,  noise  of,  160. 

Echos,  160. 

Eclipses  of  the  sun,  52.    Note  1 12. 

-—  of  the  moon,  50.    Note  107. 

of  Jupiter's  satellites,  3a    Notes 

91,92. 

I  I 


Eclipses  of  the  planets,  53. 

EcUptic,  12. 

— — ,  plane  of,  13. 

^— ,  secular  variation  of,  28.  97.  99. 

Egyptians,  their  year  and  week,  104. 

Elastic  bodies,  vibraUons  of,  168.  et 

seq.    See  Vibration. 
Elasticity  of   the  atmosphere,  141. 
148.  et  seq. 

of  matter,  ^26. 

Electric  induction,  304. 

intensity,  305. 

tension,  306. 

clouds,  310. 

currents,  320.  322.  343.  et  seq. 

^— and  magnetic  currents,  360.  «/ 

seq. 
— —  machines,  368. 
Electricity,  common,  300. 

,  eflfects  of,  307.  311. 

— ,  sources  of,  310. 

,  atmospheric,  309. 

,  velocity  of,  313. 

,  Voltaic,  319. 

^— ,  animal,  329. 
— ,  thermal,  862. 
— —  by  rotation,  359.' 

producing  rotation,  345. 

of  metallic  veins,  367. 

1  magneto,  354. 

,  identical  with  magnetism,  358. 

,  identity  of  all  the  kinds,  370. 

Electrics  and  non-electrics,  301.  etseq. 
Electro-magnetism,  343. 

■ magnetic  induction,  347. 

magnets,  347. 

dynamic  cylinden,  351.     Note 

216. 

dynamics,  350. 

Elements  of  the  planetary  orbits,  13. 
Note  5Q. 

,  how  found  from  observation,  75. 

Note  132. 
— ^  of  parabolic  orbits,  377. 

of  stellar  orbits,  399. 

Ellipse  a  conic  section,  7.    Note  23. 

,  the  limits  o^  230.    Note  2Ca 

Ellipsoid,  oblate  and  prolate,  5.    Note 
9- 

of  revolution,  58.    Note  1 17. 

,  terrestrial,  62. 

Elliptical  or  true  motion,  11.    Note 

3». 
Encke,  Professor,  his  determination 
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of  the  oibtt  and  motion  of  the 
comet  named  after  him,  330.  Of 
its  acceleration,  199.  381.  And  of 
the  orbit  of  the  star  70  Ophiuci,  399. 

Epoch,  the,  13. 

— — ,  longitude  of  the,  14. 

Equation  of  the  centre,  12.  44.  Note 
47. 

— —  of  time,  102. 

Equator,  6.    Note  11. 

Equilibrium,  stable  and  unstabley  15. 
Note  59. 

Equinoctial,  12.    Note  45. 

Equinoxes,  12.    Note  45. 

Era,  the  Christian,  104. 

Eratosthenes  measures  a  degree  of 
the  meridian  between  Syene  and 
Alexandria,  62. 

Ether,  its  nature,  199 

Ethereal  medium,  27.  208, 209. 

— ^,  temperature  of,  142.  265. 

— — ,  resistance  of,  381. 

,  vibrations  of,  200.  202.  230.  374. 

,  elasticity  of,  41.    Note  97. 

Eudoxus  describes  the  state  of  the 
heavens  about  the  time  of  the  Tro. 
jan  war,  108. 

Evection  a  lunar  inequality,  45.  Note 
101. 

Excentricity,  12.    Note  51. 

~— ,  secular  variation  of  the,  22. 

— -  of  the  orbits  of  Jupiter's  sateL 
Utes,  S4. 

^—  of  lunar  orbit  constant,  43. 

— —  of  the  terrestrial  orbit  diminish- 
ing, 23. 

-i—  of  the  teoEfistrial  orbit,  its  vari- 
ation, the  cause  of  the  acceleration 
in  the  moon's  mean  motion,  47. 

Expansion  of  substances  by  heat,  251. 

Extraordinary  refraction,  184. 

ray  and  image,  215. 


F. 

Fan  of  heavy  bodies,  6.  63. 

at  the  surface  of  the  sun  and 

planets,  73. 

Faraday,  Dr.,  reduces  the  gases  to  a 
liquid  state,  127.  His  experiments 
on  spontaneous  combustion,  131. 
His  theory  of  the  aurora,  318.  His 
Tiews  of  electro.chemical  decom- 


position,  325.  His  experiments  ob 
the  transmission  of  electricity,  327. 
He  produces  rotatory  motion  by  the 
electric  force^  345.  His  experimenta 
on  magneto-electricity,  354.  He 
proves  the  identity  of  the  electric  and 
magnetic  fluids,  356.  Hisexplanation 
of  electricity  evolved  by  rotation, 
359.  His  dassiiication  of  magnetic 
substances,  362.  Hisexperimentson 
the  induction  of  terrestrial  mag- 
netism, 367.  He  supposes  rotation 
a  cause  of  electric  currents  in  the 
earth,  368.  On  the  evolution  of 
electric  currents,  and  identity  of  the 
different  kinds  of  electricity,  369. 

Fiedler,  Dr.,  his  Ailgorites,  312. 

Figure  of  the  earth.    See  Earth. 

Fluids,  the  undulations  of,  120.  Note 
154. 

— -,  compression  of,  127. 

— ,  capillary  attraction  of,  127.  187. 

Focal  distance,  6.    Note  21. 

length  of  a  lens,  20&    Note  194. 

Foci  of  an  ellipse,  6.    Note  21. 

Force  the  unknown  cause  of  motion, 
5.  et  passim. 

proportional  to  velocity,  K).  Note 

36. 

,  gravitating.    See  Gravitation. 

— ,  centrifugal,  8.  57.  Notes  29. 
115. 

^— ,  cohesive  and  repulsive  127. 

^— ,  molecular,  125. 

,  electric,  305. 

—^  of  lightning,  312. 

Foster,  Capt,  remarks  the  clear, 
ness  with  which  sound  is  trans- 
mitted  over  ice,  158. 

Fourier,  M.,  his  estimate  of  the  tem- 
perature of  space,  265.  On  the  de. 
crease  of  central  heat,  ^0. 

Fox,  Mr.,  on  the  temperature  of  mines, 
266,  267.  On  the  law  of  magnetic 
intensity,  338.  On  currents  of  elec- 
tricity in  metallic  veins,  367. 

Frankland,  Sir  John,  his  observations 
on  the  temperature  of  the  arctic  re. 
gions,  285. 

Fraunhofer,  Professor,  his  dark  lines 
in  the  solar  spectrum*  192.  On 
electric  light,  324. 

Fresnel,  M.,  proves  the  extraordinary 
ray   to  be  wanting  in  some  sub^ 
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stances,  218.  His  experiments  on 
circular  and  elliptical  polarization, 
229.  J  and  on  light  passing  through 
the  axis  of  quartz,  230.  On  the  in- 
terference of  light,  231. 

Fringes  of  colour  about  circular  aper- 
tures, 206.    Note  194. 

Fulgorites,  312. 

Fundamental  note  in  music,  163. 


O. 

Galileo    first    observed    the    nodal 

points  of  vibrating  bodies,  170. 
Galvani,  Professor,  bis  discovery,  319. 
Galvanometer,  348. 
Gambart,  M^  his  computation  of  the 

elements  of  a  comet,  382. 
Gardner,  Mr.  on  the  configuration  of 

land  and  water,  283. 
Gay.LAissac,  M.,  his  law  of  the  combin- 
ation of  gases,  130.    His  estimation 

of  the  length  of  a  flash  of  lightnine. 

311. 
Gensanne,  M.,  his  observations  on  the 

heat  of  mines,  266. 
Giesecke,  Sir  Charles,  on  isothermal 

lines,  285. 
Glass  impermeable  to  heat,  240. 

prism,  188.    Note  188. 

,  crown  and  flint,  properties  of, 

193. 
,  polarizing  angle  of,  220.    Note 

203. 

,  vibrations  of,  169. 

Goodricke,  M.,  his  opinion  of  variable 

stars,  396. 
Graham,  his  compensation  pendulum, 

252. 
Gravitation,  4.  57.    Note5w 
— — ,  terrestrial,  5. 
,  decreases  from  the  poles  to  the 

equator,  57. 
,  the  intensity  of,  6.    Note  12. 

of  the  planets  and  satelUtes,  7. 

Note  27. 

,  universal,  7. 14. 

,  the  nature  of,  414. 

proportional   to  the  mass,   7. 

Note  26. 

Gravity,  the  direction  of,  56. 
Great  inequality  of  Jupiter  and  Saturn. 
20.31.108.    Notes  81, 82. 
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Grimaldi,  hit  discovery  of  coloured 
fringes  on  the  borders  of  shadows, 
207. 

Grylli,  grasshoppers,  crickets,  locusts. 
&c.  152. 

Gymnotus  electricus,  328. 


H. 

Haidinger,  M.,  his  experimente  on 
crystallixation,  133. 

HaU,  the  first  to  construct  an  achro. 
matic  telescope,  194. 

Hanstein,  Professor,  bis  observation* 
on  the  intensity  of  terrestrial  mag- 
netism, 333.  Discovers  its  diurnal 
variation,  334.  Discovers  all  sub- 
stances to  be  magnetic  in  a  certain 
position,  335. 

Harmonicdi  visions  of  a  musicalstring, 

divisions  of  a  column  of  air,  166. 

,  colours,  195, 196. 

Harmony,  16& 

Harrison,  Mr.,  his  compensation  pen- 
dulum, 252. 
Hearing,  the  extent  of,  152. 

,  experiments  of  Dr.  Wollaston 

on,  152. 

,  experiments  of  M  Savarton,  153 

Heat,  theory  of,  239. 

— ,  transmission  of,  241. 

,  analogy  between  light  and,,  244. 

,  maximum  point  of,  in  solar  speo. 

trum,  246. 

,  absorption  of,  247. 

,  radiant,  24a 

,  expansion  by,  251. 

,  propagation  o^  253. 

,  latent,  255. 

,  application  of,  259. 

,  solar,  263. 

,  quantity  of  solar,  275. 

,  quantity  of  solar,  lost  and  gained 

by  the  earth,  invariable,  288. 

,  central,  of  earth,  266. 

,  increases  with  the  depth  in  the 

earth,  266. 

»  superficial,  of  earth,  275. 

,  distribution  of,  27a 

— ,  influence  of,  on  vegetation,  289. 

Height  of  atmosphere,  144. 

of  tides,  lia 
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Height  of  mountains,  9.  90. 
Heliacal  rising,  1(H.    Note  144. 
Helix  of  wire  for  electrical  experi. 
ments,  S54. 

,  a  circular  and  an  elliptical,  929. 

Henry,  Professor,  his  temporary  mag- 
net, 347. 
Herschel,  Sir  William,  his  discovery 
of  Saturn's  satdlites,  42. ;  of  the 
roUtion  of  Jupiter's  satellites,  84l  ; 
of  the  calorific  rays  of  the  solar 
spectrum,  239.  His  observations  on 
the  point  of  maximum  heat  in  the 
solar  spectrum,  246.  His  account  of 
the  nucleus  of  the  comet  of  1811. 
386.  Number  of  fixed  stars  he  saw 
in  one  hour,  393.  His  catalogue  of 
double  stars,  and  discovery  of  the 
binary  systems,  397.  His  observ- 
ations  of  s-  Serpentarius  and  of  Z 
Orionis,  400.  On  the  motion  of  the 
solar  system,  403.  His  observations 
on  the  Milky  Way,  404.  On  clusters 
of  stor8,405.  On  the  nebuls,  405. 
His  sidereal  astronomy,  410. 
Herschel,  Sir  John,  his  estimation  of 
the  thickness  of  Jupiter's  ring,  80. 
He  ascribes  the  decrease  of  the 
earth's  temperature  to  the  secular 
variation  of  the  excentricity  of  the 
earth's  orbit,  88.  On  the  decrease 
of  heat  in  the  northern  hemisphere, 
90.  Proposes  the  use  of  equi. 
noctial  time,  105.  His  remarks  on 
the  clearness  of  sound  during  the 
night,  157.  On  thunder,  160.  His 
argument  in  favour  of  the  undula. 
tory  theory  of  light,  208.  On  the 
phenomena  of  polarization  of  light, 
212.  On  polarizing  apparatus,  225. 
Supposes  the  ether  may  be  in  mo- 
tion, 385.  On  the  contraction  of  the 
heads  of  comets,  388.  On  the  gra- 
vitation  of  the  binary  systems,  394. 
His  estimation  of  thedistancesofthe 
fixed  stars,  S94.  He  misses  a  star, 
395.  His  account  of  the  star  Algol, 
^&  On  the  changes  in  space,  397. 
Determines  the  elliptical  motions 
of  binary  systems,  399.  Deter- 
mines the  orbit  of  y  Virginis,  400. 
Adds  to  the  catalogue  of  double 
stars,  401.  On  the  colour  of  the 
stars,  402.    On  clusters  of  stars,  404^ 


On  the  nebulse,  406.  et  seq.     Hi» 
paper  on  the  nebulae,  410.    : 

Herschel,  Miss  Caroline,  her  observ- 
ations of  Encke's  comet,  380.  Her 
catalogue  of  nebulae,  405. 

Hevelius  first  noticed  the  contraction 
of  comets  in  approaching  the  sun, 
38&  Thought  he  saw  the  phases  of 
a  comet,  389.  Mentions  a  variable 
star,  396. 

Hipparchus  discovers  precession,  97. 
His  catalogue  of  stars,  395. 

Homogeneous  light,  194. 

spheroid,  its  rotation,  56. 

Horizontal  refraction,  51.    Note  HI. 

parallax  of  the  moon,  67. 

Horoscope,  109. 

Humboldt,  Baron,  his  observations  on 
the  gulf-stream,  122.  His  barome. 
trical  observations  in  Asia,  14a 
Effects  of  the  rarity  of  the  air  on, 
144.  His  observations  on  the  trans, 
mission  of  sound,  157.  On  the  tem- 
perature of  mines,  266.  On  the  dis- 
tribution of  heat,  278.  His  botanical 
observations,  293.  On  the  distribu. 
tionofplants,294.  On  the  gulf- weed, 

295.  On  plants  he  found  in  mines, 

296.  His  observations  on  terrestrial 
magnetism,  365. 

Huygens,  his  undulatory  theory  of 

light,  200. 
Hyperbola.  1&    Note  21. 


I. 


Ibn  Junis,  his  observations,  110. 
Ice,  its  double  refraction,  218. 

useful  for  polarizing  light,  225. 

— —  impermeable  by  Voltaic  electrl. 

city,  327. 
Icebergs  drifted  Arom  the  poles,  123. 
— — .  collision  of,  a  cause  of  light,  308. 
Iceland  spar,  a  carbonate  of  lime,  its 

form,  136.    Note  164. 
— — ,  a  doubly  refracting  substance, 

215.    Note  198. 

useAii  as  an  analyzing  plate,  223. 

a  negative  crystal,  218. 

Image  from  a  crystal  with  one  optic 

axis,  224.    Note  205. 
from  a  crystal  with  two  optic 

axes,  224.    Note  206. 
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Impetus,  a  force  proportional  to  the 
mass  and  the  square  of  the  velocity 
of  the  striking  body  conjointly,  158. 

Imponderable  agents,  373. 

Inclination  of  planetary  orbits,  IS. 
Note  52. 

,  variation  of,  23.    Note  71. 

Indians,  the,  lunar  tables  of,  lOS. 

Inequalities.    See  Perturbations. 

Insects,  the  distribution  of,  297. 

Intensity  of  light,  201. 

of  sound,  151.  15a 

of  gravitation,  6.    Note  12. 

Interference  of  waves,  120.    Note  154. 

-  of  tides  at  Batsha  in  Tonquin, 
121. 

of  sound,  161. 

of  light,  197.  231.     Notes  191. 

209. 

Internal  heat  of  the  earth,  87.  286.  et 
seq. 

structure  of  the  earth,  94. 

structure  of  Jupiter,  37.  73. 

structure  of  Saturn  and  Mars, 

74. 

Invariable  plane  of  the  solar  system, 
29.    Note  78. 

,  position  of,  30.    Note  79. 

of  the  universe,  30. 

Inverse  square  of  distance,  6.  Note 
22. 

cube  of  distance,  71.    Note  131. 

Iron,  its  magnetic  properties,  335. 362. 

Isogeothermal  lines,  276. 

Isomorphism,  135. 

Isothermal  lines,  285. 

Ivory,  Mr.,  his  determination  of  the 
form  of  the  terrestrial  spheroid,  56. 
62.  His  formulae  for  barometrical 
measurements,  143.  On  the  distri< 
bution  of  the  electric  fluid,  305. 


J. 

Jews  used  the  week  of  seven  days, 

104. 
Jovial  System,  the  mass  of,  72. 
Julian  Calendar,  104. 
Jupiter,  the  compression  of,  79. 
— — ,  magnitude  of,  73. 

,  mass  of,  72. 

,  rotation  of,  79. 

<— — ,  precession  and  nutation  of,  37. 
I 


Jupiter  in  conjunction  and  opposition,, 

39.    Note  94. 
•—and   Saturn,   their  theory,  31. 

Note  82. 
Jupiter's  satellites,  theory  of,  34. 

,  masses  of,  34,  71- 

,  orbits  of,    34,  35.      Notes   84, 

85. 
— — ,  law  in  the  mean  motions  and 

mean  longitudes  of,  37. 
—— ,  synodic  motions  of,  38.  Note  90. 

,  eclipses  of,  38.    Notes  91,  92. 

,  configuration  of,  35.    Note  86. 

,  effect  of  Jupiter's  form  on,  35. 

^— ,  secular  variations  of,  35. 

— — ,  periodic  variations  of,  36. 

,  eff^ts  of  the  displacement  of 

Jupiter's  equator  and  orbit  on,  37. 

Note  88. 

,  rotation  of,  84. 

,  libratioQ  of,  83. 


K. 

Kater,  Capt,  determines  the  length 
of  the  seconds  pendulum  at  Lon- 
don, 109. 

Kcmpelen  and  Kratrenstein,  their 
speaking  machine,  179. 

Kepler  discovers  the  form  of  the 
planetary  orbits,  7.  Note  23.  His 
laws,  7.    Note  24. 

Kupffer,  M.,  his  observations  on  the 
isothermal  lines  and  the  poles  of 
maximum  cold,  286.  Discovers  a 
nocturnal  variation  in  the  compass, 
331. 


Lagrange,  M.,  proves  the  stability  of 

the  Solar  System,  29. 
Lalande,  M.,  his  computation  of  the 

contemporaneous  conjunctions    of 

the  planets,  53. 
Laminae,  vibrations   of,  171.    Notes 

179, 180. 
Lamouroux,  M.,  on  the  distribution 

of  sea.  weeds,  294. 
Languages,  collation  of,  298. 
—,  vocal  articulation  of,  imitated 

by  machines,  179.  ,^  j 
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La  Place,  the  Marquis,  his  detemiin. 
ation  of  the  invariable  plane,  89. ; 
and  of  the  great  inequality  of  Ju- 
piter and  Saturn,  31.  Proves  that 
the  lunar  perigee  and  nodes  are  not 
afTected  by  the  resistance  of  ether, 
47.  He  discovers  the  cause  of  the 
lunar  acceleration,  47.  His  theory 
of  spheroids,  56.  He  ascribes  the 
motions  of  the  planets  to  a  common 
original  cause,  79.  Proposes  the 
year  1250  at  a  universal  epodi, 
10&  QuoUtion  from,  107.  Proves 
the  Indian  tables  to  be  as  recent  as 
Ptolemy,108.  Proves  that  the  discre- 
pancy between  Newton's  theory  of 
the  tides,  and  observation,  depends 
upon  the  depth  of  the  sea,  1 12.  On 
the  utility  of  investigations  of  cause 
and  effect,  117.  On  capillary  attrac 
tion,  138.  On  the  oscillations  of 
the  atmosphere,  145.  On  the  comet 
of  1770,  375.  379.  On  the  comet  of 
1689,389. 

Latent  heat,  155.  255.    Note  171. 

Latitude,  terrestrial,  6.    Note  12. 

,  celestial,  IS.    Note  53. 

,  square  of  the  sine  of  the,  61. 

Note  124. 

Length  of  a  wave,  149. 

of  the  seasons  variable,  89. 

~—  of  the  day  invariable,  88. 

.— —  of  the  civil  year,  103. 

of  the  Egyptian  year,  104. 

—  of  a  degree  of  the  meridian,  60. 
— —  of  the  pendulum  at  London,  109. 

—  of  the  tails  of  comets,  387. 
Lens,  194u    The  glasses  of  a  telescope 

and  of  spectacles  are  lenses. 

Leslie,  Sir  John,  his  theory  of  the  in- 
ternal structure  of  the  globe,  94. 
On  radiant  heat,  948.  On  conduct- 
ing rods,  313. 

Level  ofthe  sea,  109.    Note  148. 

Lexel,  M.,  his  comet,  379. 

Leyden  Jar,  311.  371. 

Libration  of  the  moon,  82. 

— .  of  Jupiter's  satellites,  83. 

Light,  180. 

— — ,  velocity  of,  39. 

— ',  reflection  and  refraction  of,  180. 
210.    Notes  182. 196. 

^,  analysis  of,  188.    Note  188. 

,  absorpUon  of,  186. 189.  208. 


Light,  intensity  of,  201. 

,  dispersion  and  deviation  of,  19SL 

,  propagation  of,  201.  210. 

,  interference  of,  198. 

,  diffracUon   of,  198.  206.    Notes 

191.  194, 195. 

—  of  sun  and  moon,  263. 

—  of  comets,  389. 
of  nebulae,  40&  408. 

—  of  fixed  stars,  394. 

,  action  of,  on  retina,  211. 

,  dectric,  307. 

,  polarization  of,  212. 

— — ,  emanating  theory  of,  197. 

— ,  undulatory  theory  of,  197-  200. 

,  objections    to    the    undulatory 

theory  of,  235. 

— ,  length  and  frequency  of  the  un- 
dulations of,  205. 

-— ,  analogy  between  sound  and,  240. 

Lightning  and  iU  effects,  311. 

,  its  velocity,  313. 

Lines  of  the  second  order,  or  conic 
sections,  6.    Note  21. 

— —  of  no  variation,  331. 

of  perpetual  snow,  279. 

1——,  isothermal,  285. 

— — ,  isogeothermal,  276. 

Longitude,  terrestrial,  &  38. 54.  Notes 
11.93. 

,  celestial,  12.    Note  46. 

of  perihelion,  13. 

of  nodes,  14. 

p  of  epoch,  14. 

Lunar  theory,  43. 

^—  inequalities,  44. 

eclipses,  51. 

—  distance,  53. 

spheroid,  82. 

Lunar  orbit,  43. 

,  excentrlcity  and  inclination  of, 

constant,  46. 

,  nutation  of,  49. 

Lyell,  Mr.,  on  the  temperature  of  the 
northern  hemisphere,  90.  His  esti- 
mate of  the  number  of  volcanic 
eruptions,  272. 

Lyon,  Capt,  his  determination  of  the 
magnetic  pole,  331  ;  and  of  the 
dip,  332. 
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Mackintosh,  Sir  James,  a  quotation 
from  his  "  General  View  of  the  Pro* 
gress  of  Ethical  Philosophy,*'  1. 

Magnets,  335. 

— — ,  temporary,  347. 

Magnetic  meridian,<330. ' 

— —  polarity  of  the  earth,  331. 

——  dip  and  equator,  332. 

— —  intensity  of  the  earth,  333. 

—  induction,  337. 

force,  338. 

fluids,  339. 

>—- and  electric  forces,  341. 
Magnetinn  in  general,  335. 

of  diflfferent  substances,  335. 

— —  and  electricity  identical,  358. 
-^  of  the  sun  and  planets,  369. 

,  terrestrial,  330. 

,  inductive  power  of,  364. 

Magneto-electric  induction,  356. 

—  apparatus,  357. 
Magneto.«lectricity,  354. 
Major  axis  of  an  ellipse,  7.    Note  23. 
- —  of  an  orbit,  12.    Note  41. 
—— ,  secular  motion  of,  21. 

—  of  planetary  orbits  inyariable  in 
length,  26. 

Malus,  M.,  his  discovery  of  the  poUu> 
ization  of  light,  233. 

Mankind  identical  in  species,  298. 

Marcet,  M,  on  the  temperature  of  an 
Artesian  well,  269. 

Marco  Polo  finds  a  diflSculty  of  kin- 
dling fire  at  great  heights,  144.1 

Marine  plants,  their  distribution,  296. 

Mariner's  compass,  330. 

,  history  of,  334. 

,  variation  of,  331. 

Mars  eclipsed  Jupiter,  53. 

— ,  parallax  of,  69. 

— ,  compression  of,  74. 

— — ,  atmosphere  of,  262. 

,  climate  of,  264. 

Mass,  7.    Note  26. 

— —  of  the  sun  and  planets,  71. 

of  Jupiter's  satellites,  71. 

of  the  moon,  72. 

•r—  of  Jupiter  and  the  Jovial  System, 
72. 

—  of  comets,  375. 
Mathematical   and  mechanical    sci- 

ences,  3.    Note  2. 
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Matter,  proportion  of,  in  any  tvre 
planets,  71.    Note  131. 

— — ,  the  ultimate  particles  of,  128.  ', 

,  the  attraction  of,  5.    Note  6. 

^~,  its  diffusion  in  space,  41& 

Maximum  squares,  76.    Note  133. 

— —  point  of  heat  In  solar  Q>ectrui9, 
246. 

Mayer,  M.,  his  catalogue  of  stars,  399. 

Mean  time,  102, 

distance,  11.    Note  41. 

motion,  12.    Notes  42.  44. 

longitude,  12.    Note  46. 

— —  motions  and  major  axes,  their 
constancy,  26. 

^—  motions  of  Jupiter  and  Saturn, 
law  of,  32. 

—  motions  of  Venus  and  the  earth, 
33. 

motions   of  Jupiter's   sateUites, 

law  of,  37. 

Measures,  standards  of,  109. 

Melloni,  M.,  his  experiments  on  the 
transmission  of  caloric,  241. 419.  Dif. 
fers  from  M.  Delaroche,  243.  Trans- 
mission of  caloric  through  green 
glass,  245.  On  the  rays  of  the  solar 
spectrum,  245.  On  the  point  of 
maximum  heat  on  the  solar  spec- 
trum, 247. 

Mercury,  the  planet,  rotation  of,  78. 

— ,  climate  of,  264. 

Meridian,  59. 

,  mensuration  of,  60.    Note  122. 

,  form  of,  58. 

^— ,  quadrant  of,  110. 

Messier,  M,  on  Lexel's  comet,  379. 
Was  the  first  who  observed  Encke^ 
comet,  380. 

Metals,  dilatation  of,  251. 

Meteorites,  411. 

M^tre,  a  French  measure,  109. 

Mica,  its  action  on  light,  222. 

Milky  Way,  70.  404. 

Mines,  temperature  of,  266. 

Minor  axis  of  an  ellipse,  7.    NMe  23. 

Mirage,  185. 

Miraldi,  M.,  discovers  the  rotation  of 
Jupiter's  fourth  satellite,  84. 

Mitscheriich,  Professor,  on  crystalliz- 
ation, 133.  On  Che  effect  of  heat  on 
crystalline  bodies,  133.  His  theory 
of  isomorphism,  135.  On  the  ex- 
pansion of  crystalline  bodies,  i"" 
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Molecular  attraction,  125. 

Molecules,  or  ultimate  particles,  121 

Moll,  Professor,  his  temporary  mag^ 
nets,  348. 

Momentum  of  the  planets,  15.   Note 
58. 

Monocotjledonous  plants,  294. 

Moon,  theory  of  the,  43. 

,   periodic  and  secular  perturb- 
ation of,  44.  et  seq. 

— — ,action  of  planets  on,  45. 

——  disturbs  her  own  motion,  46. 

— ,  acceleration  of,  47. 

,  periods  of  her  secular  inequali- 
ties, 49. 

i  mean  anomaly  of,  48.  Note  104. 

— — ,  form  of,  82. 

— ,  mass  of,  72. 

,  rotation  of,  81. 

,  libration  of,  82. 

— ,  constitution  of,  83. 

,  light  of,  240.  263.        ". 

— — ,  atmosphere  of,  262. 

,  phases  of,  50. 

,  eclipses  of,  61. 

,  orbit  of,  43. 

,  nutation  of,  49. 

— —  and    earth's   reciprocal   attrac- 
tion, 6. 

Moon's  southing,  118.    Note  153. 

Moorcroft,  Mr.,  his  botanical  observ. 
ations,  292. 

Morlet,  M.,  on  the  translation  of  the 
magnetic  equator,  333. 

Motion,  mean,  12.    Notes  42.  44. 

,  true,  12.    Note  43. 

of  Solar  System,  10. 

—  of  translation  and  rotation,  10. 

—  of  solar  perigee,  105. 

—  of  lunar  perigee  and  nodes,  48. 
of  ether,  231. 

Mundy,  Capt.,  his   observations  on 

mirage,  185. 
Musical  sounds,  151. 
— —  instruments,  168. 
— •  strings,  vibrations  of,  165.    Note 

174. 

N. 

Nature,  laws  of,  414^ 
Nebulae,  405.* 
/<— ,  forms  of,  407. 
,  stellar,  407. 


NebulsB,  planetary,  40a 

— — ,  constitution  of,  409. 

,  distribution  of,  410. 

Nebulosity  of  comets,  386. 

Nebulous  stars,  408. 

Needle,  the  magnetic,  33a 

,  the  dipping,  332. 

Newton,  Sir  Isaac,  on  the  attraction 
of  spheroids,  5.  His  discovery  of  gra- 
vitation,  5.  Of  the  laws  of  ellip- 
tical motion,  6.  29.  On  the  figure 
of  a  fluid  mass  in  rotation,  57.  His 
theory  of  the  tides,  1 12.  His  ana- 
lysis of  light,  188.  His  theory  of 
light,  197.  His  rings,  202.  Men. 
suration  of  his  rings,  204.  His 
scale  of  coloiu-8,  205. 

Nickel,  sulphate  of,  its  properties,  13S. 
Note  159. 

Nodal  points  of  vibrating  strings,  164^ 

lines,  169. 

lines  in  air,  175. 

lines  on  cylinders,  172. 

lines  on  surfaces,  168. 

Nodes,  ascending  and  descending,  13. 
Note  54. 

— — ,  motion  of,  24.   Note  72. 

connected  with  the  inclination, 

25. 

Non.dectrics,  303. 

Norman,  Robest,  discovers  the  mag. 
netic  dip,  335. 

Nuclei  of  comets,  386. 

Nutation  of  earth's  axis,  99.  Note 
142. 

— —  of  lunar  orbit,  9.    Note  34. 

— — ,  reciprocal,  of  earth  and  lunar  or. 
bit,  9.    Note  32. 

,  effects  of,  99. 


O. 

Oasis,  290. 

Oblate  spheroid,  5.    Note  9. 

Obliquity  of  the  ecliptic,  12.  2a  Note 

45. 
— — ,  its  variation  and  limits,  28. 
Occultation  of  planets  and  stars,  B3. 
Ocean, tides  of,  111. 

,  effects  of,  on  gravitation,  6& 

^— ,  density  of,  65.  j 

-— ,  mean  depth  of,  112. 
_,  stability  of,  121. 
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Ocean,  currents  In,  122. 
Octahedrons,    192.  135.    Notes  158. 

163. 
Oersted,  Professor,  his  discovery  of 

electro-magnetism,  343. 
Olbers,  M.,  his  observations  of  6am- 

bart's  comet,  382. 
Opposition,  39.    Note  94. 
Optic  axis  of  a  crystal,  217.     Note 

300. 
Orbit  of  a  planet,  7. 11. 

of  comets,  7.  376. 

— —  of  binary  systems,  399. 
— — ,  elements  of  an,  13. 75. 
Ordinary  refraction,  180.   Note  182. 

ray,  215. 

Oscillations,  4.    Note  4. 
of  fluids,  120. 

—  of  the  ocean.  111. 

—  of  the  pendulum,  64.  Note  125. 


Pacific  Ocean,  the  origin  of  the  tides, 

117. 
Pallas,  its  size,  73. 
Parabola,  6.  376.    Note  21. 
Parabolic  elements,  377. 
Parallactic  motion,  401. 
Parallax,  67.   Notes  126, 127. 
— — ,  horizontal,  67. 
—^  of  the  sun.  Mars,  and  Venus,  69. 

—  of  the  moon,  67. 
— -,  annual,  70. 

Parallel  directions,  19.   Note  61. 

of  latitude,  8.    Note  11. 

Parry,  Sir  Edward,  his  journey  on 
the  ice,  123.  On  the  cold  at  MeL 
ville  Island,  265.  287.  On  the  tem- 
perature of  the  Arctic  seas,  285. 
Sailed  near  the  magnetic  pole,  331. 

Particles  of  matter,  124. 

—  subject  to  gravitation,  7- 125. 
,  size  of,  12a 

^~,  relative  weights  of,  130. 

,  form  of,  132. 

Pendulum,  41.  63.  Note  98. 
— ',  its  variation  discovered,  66. 
Penumbra,  51.    Note  109. 
Perigee,  lunar,  45.   Note  100. 
— — ,  variation  of,  48. 

,  variation  of  solar,  105, 10&  Note 

145. 


Perihelion,  13.   Note  56. 

,  secular  variation  of,  81.    Note 

63. 
Periodic  inequalities  of  the  planets, 

17. 
— -  of  Jupiter's  satellites,  36. 

—  of  the  moon,  45. 
times,  7. 14. 

— proportional  to  cubes  of  mean  dis. 

tances,  7.   Note  25. 
Periodicity  of  the  planetary  perturb- 

ations,  27. 
Periods  of  rotation  of  the ;  celestial 

bodies,  79. 
Perkins,  Mr.,  his  experiments  on  the 

compressibility  of  matter,  95. 
Peron  and   Le  Sueur,  MM,  on  the 

distribution  of  marine  animals,  297. 
Perturbations  of  the  planets  periodic 

and  secular,  17. 
— —  expressed  in  sines  and  cosines  of 

circular  arcs,  27.   Note  75. 

—  of  Jupiter  and  Saturn,  20.  31. 

of  Venus  and  the  earth,  33. 

of  Jupiter's  satellites,  35. 

— —  of  the  moon,  44. 

of  comets,  378. 

Phases  of  the  moon,  50. 

of  an  undulation  or  state  of  vi. 

bration,  236. 

Phosphorescence,  315. 

Plane  of  ecliptic,  12. 

— — ,  its  secular  variation,  28. 

Planetary  motions,  11. 17. 

Planets  move  in  conic  sections,  6. 

,  their  forms,  5. 

•^— ,  atmospheres  of,  262. 

— — ,  constitution  of,  264. 

Plants  ;  their  distribution,  291. 

Plateau,  M.,  on  complementary  co. 
lours,  195. 

Platina,  spontaneous  combustion  of, 
131. 

Poinsot,  M.,  on  the  invariable  plane, 
29. 

Poisson,  Baron,  his  researches  on  ca- 
pillary attraction,  138.  On  the  dis- 
tribution of  the  electric  fluid,  305. 
On  the  law  of  the  magnetic  force, 
340. 

Polar  star,  100. 

Polarization  of  light,  212. 

by  refraction,  2ia  219.  Note  201. 

—  by  reflection,  219. 
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Polarization,  circuUr,  Se&   Note  907. 

,  elliptical,  229. 

,  diacovery  of,  234. 

Polarized  Ught,  217. 

,  undulations  of,  216.  231.    Note 

199. 

~— ,  phenomena  of,  22%  et  seq.  Notes 
205,206. 

in  quartz,  226. 230. 

,  interference  of,  231.    Note  209. 

Polarizing  angles,  219.   Note  203. 

^—apparatus, 222.   Note 204. 

Poles  of  rotation,  &   Note  11. 

of  celestial  equator,or  equinoxial, 

and  of  ecliptic,  12.  98.    Note  45. 

of  maximum  cold,  285. 

,  magnetic,  331. 

Pontecoulant,  Baron,  on  the  return 
of  Halley's  comet,  378. 

Pouillet,  M.,  his  estimation  of  the 
quantity  of  heat  annually  received 
from  the  sun,  275.  On  the  pro- 
duction of  atmospheric  electricity, 
309. 

Precession  and  nutation,  9a  99.  Notes 
141, 142. 

,  effects  of,  97. 

Principal  axis  of  rotation,  92. 

Prism,  its  use,  188. 

Prismatic  colours,  188. 

Probabilities,  theory  of;  its  utility,  7& 

Problem  of  the  three  bodies,  15. 

Projected,  6.   Note  19. 

Rolemy,26. 108, 109. 


Q. 

Quadrant  of  the  meridian,  110.  Note 

169. 
Quadratures,  12.   Note  50. 
Quadrupeds,  their  distribution,  298. 
Quartz,  or  rock  crystal,  its  properties, 

S18.  226.  230.  241. 


R. 

Radial  force,  19. 
Radiation,  248. 

of  the  earth,  270.  275. 

of  the  sea,  281. 

,  solar,  88.   Note  138. 

Radii  vectores,  11.   Note  39. 


Radius,  6:    Note  14. 

,  terrestrial,  polar  and  equaio-' 

rial,  62 

,  solar,  73. 

,  vector,  19. 

Raffles,  Sir  Stamford,  his  account  of 

the  volcanic  irruption^at  Sambawa, 

272. 
Rain,  249. 
Ratio,  6.    Note  15. 
Rays  of  light,  188. 
——of  heat,  239. 

,  chemical,  239. 

— ,  extraordinary  and  ordinary,  £15; 
Reflection  of  light,  185.  210.    Notes 

182.19a 
,  extraordinary  and  total,   185. 

Note  182. 
of  sound,  159.  161.     Notes  172, 

173. 

of  waves,  159.    Note  172. 

Refraction   of  light,  180.   188.    210. 

Notes  182.  19a 

,  atmospheric,  181.    Note  183. 

^—  in  eclipses,  51. 

^,  terrestrial,  183.    Note  185. 

,  extraordinary,  183.    Notes  186, 

187. 
Repulsive  force,  125. 
Resisting  medium,  and  its  elDects,  27. 

Note  7a 
Resonance,  176. 

Retrograde  motion,  18.    Note  60. 
Revolution,  sidereal,  of  planets,  22. 

Note  67. 

,  tropical,  22.    Note  68. 

.synodic, 51.    Note  110. 

and  rotation  of  the  celestial  bo- 

dies  in  the  same  direction,  2a  ?& 
Rhombohedron,  215.    Note  198. 
Richman,  Professor,  killed  by  light- 

ning,  312. 
Richter,his  observations  on  the  pendu- 
lum at  Cayenne,  6a  108. 
Rings,  Saturn's,  80. 
,  coloured,  round  small  apertures, 

2oa 

—,  Newton's,  203.  Note  192. 
Ritchie,  Professor,  causes  water  to 

rotate,  346.    On  the  composition  of 

water  by  magnetic  action,  372. 
Ritter  and  Beckman,  MM.,  discover 

the  chemical  rays  of  the  solar  spec 

trum,  239. 
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Ross,  Capt.,  his  determination  of  the 

magnetic  pole,  331. 
Rossel,  Capt,   on  the  magnetic  in. 

tensity,  333. 
Rotation  of  the  sun  and  planets,  10. 

78, 79. 
of  a  fluid  mass,  8. 57-  Notes  11. 116. 

—  of  the  earth,  85. 

,  invariability  of  the  earth's,  85. 

of  the  moon,  81. 

—^  of  Jupiter's  satellites,  84. 

—  of  Saturn's  rings,  80. 

—  of  water  by  electricity,  346. 
of  magnets,  345. 

S. 

Sabine,  Capt,  on  the  decrease  of  the 
dip,  and  on  the  form  of  the  mag- 
netic equator,  332. 

Salt  and  sugar,  their  capillary  attrac- 
tion, 139. 

,rock,highly  permeable  to  heat,243. 

SatelUtes,  9.    Note  31. 

of  Jupiter,  their  theory,  34. 

of  Saturn  and  Uranus,  41. 

Saturn  and  his  rings,  80. 

Saurian  tribes,  297. 

Saussure,  M.,  on  the  temperature  of 
mines,  266.  268. 

Savart,  M.,  his  experiments  on  the 
sense  of  hearing,  153.*  On  the  vi- 
bration of  elastic  bodies,  171,  172. 
175.    On  the  human  voice,  179. 

Savary,  M.,  the  first  who  determined 
the  orbit  of  a  binary  star,  399. 

Schroeter,  M.,  on  the  atmosphere  of 
Ceres*  262. 

Scoresby,  Capt.,  on  extraordinary  re- 
ft-action,  184.  On  the  temperature 
of  the  Arctic  regions,  285. 

Seasons,  length  of,  106. 

— -,  variation  o^  89. 

Secular  variations,  17. 

of  apsides,  21.    Notes  65,  66. 

—  of  excentricity,  22.    Note  69. 
^—  of  the  excentricity  of  the  terres- 
trial orbit,  23. 

of  nodes,  23.  et  seq.    Note  72. 

of  inclination,  25.    Notes  71 .  74. 

in  the  obliquity  of  the  ecliptic, 

25.  28.    Notes  77.  141. 146. 
— —  of  Jupiter,  25. 

—  of  Jupiter's  satellites,  35. 


Secular  variations  of  the  moon,  47. 
Seebeck,  Professor,  on  the  maximum 

point  of  heat  in  the  solar  spectrum, 

246. 
Segelke,  Capt,  on  the  dip,  332. 
ShelUfish,   the  weight  they  sustain, 

141. 
Sidereal  day,  101. 

revolution,  101. 

astronomy,  393. 

Sine  of  an  arc  or  angle,  27.    Note  75. 
Sirius,  distance  and  light  of,  395. 
Smyth,  Capt,  bis  observations  of  y 

Virginis,  400. 
Snow,  line  of  perpetual,  279. 
Solar  System,  its  motion  in  space,  10. 

403. 
Solar  spectrum,  188. 191. 

,  constitution  of,  240. 

Solar  heat,  quantity  of,  275. 
^-»,  distribution  of,  278. 

,  radiation  of,  248. 

Solstices,  107.    Note  146. 

Sothiac  period,  104. 

Sound,  theory  of,  148. 

— ,  imdulations  producing,  150.  Note 

154. 

,  intensity  of,  151.  158. 

— — ,  velocity  <rf.  154. 
.— ,  transmission  of,  156. 

,  reflection  of,  159. 

— — ,  refraction  and  interference  of, 

161. 
Sounds,  musical,  163. 

,  harmonic,  165. 

Space,  6.    Note  20. 

,  temperature  of,  143.  265. 

Spark,  electric,  324. 

,  magnetic,  356. 

Speaking  machine,  179. 
Sphere,  attraction  of,  5. 
I^heroid,  5.    Note  9. 

,  attraction  of  a,  6.    Note  12. 

Spring,  28. 

tides,  115. 

Square  of  distance,  6.    N6te  22. 

of  moon's  distance,  6. 

— ^  of  sine  and  cosine  of  latitude, 

59.    Note  121. 
number  and  its  root,  71.    Note 

131. 
Stability  of  system,  27. 
Stars,  fixed,  393. 
— ,  parallax  of,  70. 

Jigitized  by  VjOOQIC 


492  iNJ 

Stars,  distance  of,  39i. 
,  sise  of,  395. 

that  have  vanished,   and   new 

sUrs,  395. 

,  variable,  396. 

— — ,  their  proper  motions,  403. 

— ,  double,  33f7. 

,  number  and  parallactic  motions 

of,  401. 

^— ,  binary  systems  of,  and  their  or- 
bits, 397, 393. 

,  colour  of,  402. 

,  clusters  of,  404. 

Steam,  257. 

Struve,  Professor,   on  the  rings  of 
Saturn,  81.  On  the  double  stars,  401. 

Sun  tlie  centre  of  gravitation,  7. 

_,  motion  of,  10.  403. 

,  magnitude  of,  14.  72. 

— -,  eclipses  of,  52. 

— — ,  parallax  and  distance  of,  54.  69. 

,  mass  of,  71. 

,  rotation  of,  78. 

,  constitution  of,  263. 

,  light  and  atmosphere  of,  263. 

,  spots  on,  263. 

,  heat  of,  275l 

Surfaces,  vibrating,  169. 

Svanberg,  M.,  on  the  temperature  of 
space,  265. 

Sykes,  Col.,  on  the  height  at  which 
wheat  grows,  291. 

Synodic  revolution,  51.    Note  110. 

Syren,  168. 

Syrup,  physical  properties  of,  227. 

System,  Solar,  its  stability,  27. 

,  its  motion,  10.  403. 

—  of  Jupiter  and  his  satellites,  34. 

—  of  binary  stars,  397. 

,  vibrating,  261. 

Syzygies,  115.    Note  151. 


T. 

Tangent,  11.    Note  37. 

Tangential  force,  19. 

Temperature,  internal,  of  the  earth, 

87.266. 
— — ,  stratum  of  mean,  266. 

of  mines,  266. 

of  wells,  268. 

—  of  ocean,  269. 

,  superficial,  of  earth,  276. 


Temperature  of  the  air,  284 

,  efibcts  of,  on  vegetation,  289. 

of space,  265. 

of  the  sun,  moon,  and  planeta 

262,  263,  &c. 
Terrestrial  latitude  and  longitude,  6 

54.    Note  12. 
— —  meridian,  58. 

refraction,  183. 

magnetism,  330.  364. 

Tessular  system,  135. 
Tetrahedron,  135.    Note  162. 
Theory  of  Jupiter's  satellites,  34. 
of  the  moon,  43. 

—  of  the  tides.  111. 
— ,  atomic,  130. 

—  of  sound,  148. 

©flight,  180. 

of  heat,  239. 

of  electricity,  300. 

Thermo-electricity,  362. 
Thermometer,  137. 
Thunder,  160. 

Tides,  theory  of.  111. 
— — ,  semidiurnal,  113. 

,  8emt«nnual,  115. 

,  effects  of  declination  on,  116. 

Note  152. 
— •,  neap  and  spring,  115. 

,  height  of,  115.  118. 

,  propagation  of,  117- 

— — ,  forces  producing,  119. 

at  Batsha,  121. 

Time,  mean  and  apparent  solar,  102. 
— -,  mean  and  apparent  sidereal,  101. 
— •,  equinoctial,  105. 

,  equation  of,  102. 

,  square  of,  46.    Note  103. 

— .,  divisions  of,  103. 
I'imocharis,  his  observations,  97. 
Torpedo,  its  electric  properties,  328. 
Tourmaline;  its  properties,  213.  216. 

219.308.    Note  197. 
Trade  winds,  146. 
Transit  of  Venus,  68.    Note  129. 
Transmission  of  light,  210. 
— —  of  undulations,  149. 

of  sound,  156. 

of  heat,  241. 

Translation,  9.  Note  35. 
Triangulation,  60.    Note  123. 
Tropical  revolution,  22.  Note  6& 
Tuning.forkj  162. 
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Undulations  of  water,  130.    Note  154. 
of  air  illustrated  by  those  of  a 

field  of  corn,  148. 

of  air,  150. 

of  ether  illustrated  by  tho«e  of 

a  cord,  301.  229.  231. 

,  small,  15.  200. 

Undulatory  theory  of  light,  199. 
- — ,  objections  to,  255. 
Uranus,  264,  265. 

,  his  distance  ft-om  the  sun,  69. 

->-^,  his  satellites,  41. 
Universe,  30.  410. 

V. 

Valz,  M.,  on  the  nuclei  of  comets,  388. 

Vapour,  256. 

Variation,    a   lunar  inequality,   45. 

Note  102. 

of  the  compass,  331. 

Varieties  of  mankind,  298. 
Vegetation,  influence  of,  289. 
Velocity  of  light,  39. 

of  electricity,  Sia 

,  comparative,  401. 

—  of  the  gravitating  force,  414. 
Venus,  her  action  on  the  earth,  33. 
— ,  her  nodes,  18.  68. 

,  transit  of,  68. 129. 

— ,  climate  of,  264. 

Vibrations  of  musical  strings,  1&3. 

of  columns  of  air  in  pipes,  166. 

of  elastic  solids,  167.  et  seq. 

,  sympathetic,  2.  173, 174. 

of  polarized  light,  219.   Note  201. 

Volcanic  action,  271. 

— ,  theories  of,  274. 

Volta,  Professor,  his  construction  of 

the  Voltaic  pile,  320. 
Volta-electric  induction,  355. 
Voltaic  electricity,  discovery  of,  319. 

battery,  320. 

electricity,  properties  of,  323. . 

— — ,  luminous  effects  of,  324. 
— -,  chemical  effects  of,  325.  • 


INDEX.  495 


Voltaic  electricity,  transference  of,  326. 

composition  by,  327. 

efffects  of,  on  the  senses,  328. 

Volume,  73. 

W. 

Water,  decomposition  and  compo- 
sition  of.  325.  357.  372. 

,  of  crystallization,  133. 

a  conductor  of  sound,  156. 

,  rotation  of,  346. 

Week,  the,  antiquity  of,  104. 

Weight  of  the  atmosphere,  141. 

decreases  ftrom  the  poles  to  the 

equator,  57.  63. 

— —  at  the  surfaces  of  the  sun  and 
planets,  73. 

Weights  and  measures,  109. 

Wheatstone,  Professor,  his  musical 
instruments,  168.  His  experimento 
on  vibrating  surfaces,  170.  On  the 
transmission  of  sound,  176.  On  re- 
sonance, 178.  On  the  velocity  of 
the  electric  fluid,  313. 

Willis,  Mr.,  his  speaking  reed,  179. 

Wolla8ton,Dr.,on  the  extent  of  the  at- 
mosphere, 128.  On  the  extent  of  hear, 
ing,  152.  On  refraction,  184.  Dis- 
covers the  chemical  rays  and  dark 
lines  of  the  solar  spectrum,  192. 
239.  On  rotatory  motion  by  the 
electro-magnetic  force,  345.  On  the 
light  of  the  celestial  bodies,  394. 


Y. 

Year,  civil  or  tropical,  and  sidereal 
years,  98.  102. 

Young,  Dr.  Thomas,  on  the  compret. 
sion  of  substances,  95.  His  hiero- 
glyphic  researches,  109.  On  capil- 
lary attraction,  138.  On  the  reflec- 
tion of  sound,  159.  On  the  love  of 
harmony,  166.  Establishes  the  un- 
dulatory theory  of  light,  200.  On 
the  interference  of  light,  207.  On 
radiant  heat,  260. 


THE    END. 
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